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STAINLESS  STEEf  SANDWICH  PANEL  BRAZING  - 

I 

DEVELOPMENT  TESTS  OP  - 


INTRODUCTION ; 

A.  SCOPE  OF  RETORT': 

The  problems  encountered  during  the  development  and  production 
1  application  of  the  stainless  steel  sandwich  panel  brazing  program 
k  were  numerous*  and  varied  widely  in  scope.  This  reporjt  represents 
1  an  effort 3 to  'compile  all  the  data  obtained  by  the  Metallurgical 
Laboratorf  of  the  Engineering  Test  Laboratories  relative  to 
stainless  steel  sandwich  panel  brazing.  This  work  was  accomplished 
under  Test  Request  F-4696  from  May  1954  through  December  1959. 

Since  the  investigations  reported  herein  were  so  diversified  in 
nature,  this  report  consists j of  several f independent  sections 
arranged  in  systematic  order-under  the  various  subject  headings. 

The  subject  material  repqrte^  in  tnese  sections  are  the  results 
of  investigations  previously-not  formally  reported.  In  most 
instances  this  materia]  had  been  furnished  to  interested  depart¬ 
ments  In  fhe  form  of  memoranda  or  loot0  data  sheets. 

Section  IjOf  .this  report  concerns  investigations  relating  to 
the  structural  materials  used  in  brazed,  honeycomb.,  sandwich 
panels.  Section  II  contains  {material  pertaining  to  tljie  brazing 
»  alloy  investigations  and ’methods  used  iq  brazing  the  structural 

*  members  o £  the  sandwich  panels.  In  Instances  where  several 
investigations  were  conducted  on  related  items,  the  items  are 
arranged  Undefc*  a  common  heading.  The  discussion  section  of  each 

*  individual  report  is  trea'ted ^separately;  however,  the j introductory 
_  Remarks  ai^d  cpnclusions  a;re  combined  for  the  group  as[a  whole. 

B.  HISTORY  QF  SANDWICH  PANEL  BRAZING  n  x  < 

In  order  \o  provide  some  Iclailf ication  4nd  background^on  t^ie 
material  i^epo^ted  herein*  a  brief  ohronalogical  summary  of .  the 
sandwich  ®anei  brazing  program  is  included  in  this  section. 

i  :  *  t  <  _ 

Hie  decision  to  use  brazed  sandwich  panel  structures  on  the  B-5o 

was  made  Jn  March  1953.  The 'major  advantage  in  the  use  of  a 
'Sandwich  type,  structure  was  the  possibility  of  obtaining  ai high- 
strength,  illght-weight  part.  ]  The  panel ^  proposed  for3use  pn  the 
B-58  also jrequired  stability  jin  the  600jF  to  900  ?  teaperapure 
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range.  This  requirement  elimit ated  the  use  of  a  bonded  structure 
and  for  all  practical  purposes  made  the  development  of  brazed 
panels  the  logical  method. 

'  I 

A  basic  honeycomb  sandwich  pan<  1  consists  of  the  following  three 
components : 

1.  A  core  section,  made  frqm  thin  gage  metal  foil  strips'  (less 
than  0.003"  thick)  whicfl  are  tack  welded  together  in  such 

a  manner  that  round,  square  or  hexagonal  cells  are  formed, 

1  See  ^igufre  1. 

2.  Facing  sheets  or  skins  which  are  fastened  to  both  sides  of 

the  honeycomb  core  so  that  the  open  ends  of  the  core  are 
covered.  The  core  cells  then  run  perpendicularly  to  the 
facing  sheets.  The  corh  to  skin  attachment  is  performed 
by  brazing.  j 

\ 

J 

3.  Edge  members  are  necessiry  in  mostjCases.  These  are  , 
heavier  pietal  strips  ariund  the  paqel  perimeter  £n  the  form 
of  a^Z  or  U.  The  edge  i4cmber3  are 'subsequently  used  zo 
fasten  the  sandwich  panil  in  place  on  the  airplane.  The 
strips  qjre  brazed  in  position  at  the  same  time  t^at  tye 

skin3  are  brazed  to  the -core. 

> 

After  the  decision  to  use  brazed  sandwich, panel  structures  had  been 
k  made,  an  initial  engineering  survey  was  initiated  and  t£e  first 
te3t  panel  vjas  brazed  at  Convalr  in  Aprll31953.  In  Nov^mberj  of  the 
i  same  year,  $estt  panel  contract!  were  given  to  various  out3lde 
producers.  I  Although  almost  all  of  the  developmental  research 
concerning  qancfyfich  panel  ^razj.ng  was  accpmplisned  by  Convaij*, 
a  large  percentage  of  all  production  type 1 sandwich  panels  has 
been  brazed. by  outside  manufacturers.  The  major  purpose  of  )the 
test  panel  contracts  was  to  al  .ow  these  producers  t;o  determine 
their  costs. in  gazing  sandwich  panels  in  accordance  with  Convalr 
specifications . 

>  '  » 

Original  pl|ns  balled  for  the  <  evelopmenUof  both  a  lowjand  fa  high 
temperature  brazing  procedure.  The  low  temperature  method  specified 
a  brazing  range, j  of  1300  F  to  r  50  F.  It  was  to  provide,- panels  for 
use  at  operating  temperatures  .0  600  F.  fne  high  temperaturp 
process  called  !*for  a  brazing  tlmperature  abdve  1750  F  and  the  panels 
braced  by  this  process  were  fot  use  at  temperatures  to  900  F. 


I  i 
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The  low  temperature  brazing  de/elopment  program  w&3  begun  la 
April  1954.  The  high  temperature  program  was  started, la  November 
1954.  H.jB.M.  ,^H35.0OOl  with  [enclosure  A ,  dated  April  28,  1954, 
covers  the  proposed  low  tempo  nature  panel  brazing  program.  This 
was  revised  and  superseded  ori  July  26,  1955  by  enclosure  B  to 
include  the  high  temperature  development  program. 

In  the  interval  between  the  issuing  of  H.E.M.  //H  35.0001  enclosure' 
and  enclosure  B,  considerable  research  and  development  work  was 
accomplished.  Brazing  alloy  Investigations,  heat  treat  cycle 
development,  and  general  furnace  brazing  procedures  were  Investi¬ 
gated.  Published  reports  covering  work  done  during  thl3  period 
in  the  Engineering  Te3t  Laboratories  are  abstracted  In  Section  III 
of  this  repor-t.  See  refo-rences  2-7  of  Section  III  covering 
FGT-1340,  MR  54-5,  FTDM-1415,  FGT-1347,  l'GT-13$3,  and  PGT-1362. 

It  was  recognized  In  July  1755  that  the  low  temperature  process  war 
objectionable  for  two  reasons. 

,  :  1  1  S  t  ; 

1.  Operating  temperatures  were  limited  to  00O  F.  c 

2.  Pane ls(  brazed  by  this  .  process  ha).  high  susceptibility  to 

corrosion  because  of  grazing  allpy  ..  lux  t  ntrapfrent  within 
thq  panel.  .  . 


Consequently^  although  some  panels  brazed  by  tnls  proeesn  ;were 
tested  on [ the,  engine  tesfc  3tand,  thin  method  was  gradually’,  dis¬ 
continued,  The  major  effort 'was  then  directed  toward^the  high 
temperature  process.  ^  ,  r  l 

17 -7 PH  stainl;e33  steel  wa3  chosen  as  the  basic  material  fob  use 
with  both'the?  low  and  high  temperature  processes.  Inltlal^Work 
however  was  accomplished  with  "C1  condition  material  and  later 
changed  to  anhealed  with  addid  heat  treatment.  It  was  found  that 
braze  c--}  would  not  produce  the  CII  oroperties  of  17f7FH.,- 
ReculvS  [  preliminary  eyalu*tion  tests  on  the  heat  treatment  of 
17-7PH  steel  were  reported  in  FGT-1153  published  in  November  1953. 
An  abstract  c£f  this  report  appears  as  reference  1  of  Section  ITT 
•  in  this  report.  Section  ”A  and  B  Hot  17-7PH  heat  treat  results 
which  wer^  previously  reported  only  in  flats  sheet  forji.  The 
heat  treat  results  given  under  B  were  uiea  to  determine  the  origi- 
aal  high  temperature  brazing’ cycle .  . 

The  brazing  alloy  used  1$  connection  with  the'  low  temperature 
cycle  was'Ea^y-Flo  #3.  fhis^  alloy  has  $.  nominal  composition*  of 
50J6  Ag,  15-l/2^  Cu,  15-1/2$  Zn,  15$  Cd,i  and  3$  Ni.  It  melfts  at 
1170  F  anil  flows  above  1270  F.  This  process  was  used*  only  during 
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the  teat  panel  development  prcfcram  and  so  Is  of  historic  interest 
only.  f 

The  brazing  alloy  first  adopted  for  use  with  the  high  temperature 
brazing  program  was  85$  Ag-15$  Mn  alloy.  This  alloy  melts  at 
1745  F.  A  brazing  temperature  of  1820  F  was  used  on  most  of 
the  panels  brazed  with  the  Ag-Mn  alloy.  This  alloy  was  used  on 
test  and  production  panels  until  July  1937.  It  was  replaced  be¬ 
cause  of  its  poor  corrosion  resistance.  See  Sections  IIA,  llB, 

IIC,  and  IID  of  this  report  for  further  information.  r  -  ' 

I.  - 

In  developing  a  brazing  process  for  17-7PH  stalnle33  steel  panels 
of  acceptable  quality,  three  major  prerequisites  were  found- to  - 

be  necessary: 

1.  A  rigid  brazing  form  of  desired  contour  for  use  during 
the  brazing  operation. 

2.  An  ifiert  or  reducing  atmosphere  during  the  brazing 
cycle. 

3.  A  means] of  providing  Intimate  contact  between  the 
various,  detail  parts  of>  the  panel  during  bracing.  i 

2  ’  > 

Initial  sandwich  panel  brazing  was  carried  out  by  the  U3e  0$ 

matched  stepl  prazing  forms  placed  on  both  sides  of  thq  panql 

being  brazed.  cThe  entire  assembly  was  placed  in  a  steel  r 

brazing  retort* and  processed  qnder  a  hydrogen  atmosphere .  Many 

test  panels'  were  brazed  ur.lng  this  procedure.  Hovrever,  the 

entire  procjedufe  wa3  changed,  item  by  item,  as  the  bracing  p 

program  prqgressed.  <  v  ^  ^ 

i 

In  December'  1954  a  vacuum  envelope  method  was  introduced  which 
replaced  the  top  brazing  fprm  .in  July  1933.  This  method  consisted 
in  placing  'the2  panel  to  be(  brazed  on  top  of  a  single  braze  form 
and  encasing  both  items  in  a  welded  stainless  steel  envelope. 

The  cover  sheet  of  the  blazing  envelope  consisted  of  a  0.012" 
thick,  stch'l  diaphragm  sheet.  <  By  reducing  the  pressure'  Inside 
the  envelope  below  atmospherics  pressure,  the  sandwich  panel  was 
forced  down  against  the  brazing  form.  Thus,  contact  bqtween  cha 
detail  parts  or  the  panel  could  be  maintained  luring  blazing. 

This  method,  1 h  addition  to  eliminating  the  need  for  matched 

sets  of  br^zinfe  forms,  was  morfe  effective  in  equalizing  the^pressure 

on  the  variousfpanel  part^  wh^n  slight  discrepancies  w<jrp  present 

;  l  I  M  •  \  «  •; 
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in  the  mating  of  the  panel  details. 

In  April  1955  graphite  was  substituted  for  steel  a3  the  brazing 
form  material.  This  step  wa3  advantageous  because  graphite 
has  a  much  lower  coefficient  of  expansion  than  aoe3  stejel  and 
therefore  is  les3  subject  to  dimensional  change  upon  heating. 

Section  I  comments  on  the  effect  of  graphite  on  17-7PH  jstee}.. 

As  previously  kientioned,  the  first  test  panels  were  brazed  Tinder 
>'  a  hydrogen  satmiosphere .  Mixtures  of  hydrogen  and  air  cdntaiflilng 
from  4 %  -  74#  hydrogen  by  volume  at  room  temperature  are  explosive. 
In  August  1955* good  brazes  were  obtained  Ms ing  sodium  tetraborate 
flux  in  an  argon  atmosphere.  Because  of  the  safety  hazard  connected 
with  the  use  of  hydrogen,  argdn  U3ed  in  conjunction  with  this 
flux  was  adopted  in  October  1955. 

In  .Tune  1955 ,  a  tack  brazing  method  was  first  used  In  assembling 
panel  parts  for  brazing.  It  can  be  readily  understood  from 
Figure  1  that  £he  various  panel  parts  must  be  in  a  definite  posi- 
*"■  tlon  during  the  brazing  operation.  By  tack  brazing  the  panel 
parts  together,,  while  they  wejje  clamped  l,n  a  holding  fixture,  the 
panels  could  be  pre-as3embled  for  brazing.  j 

During  the  remainder  of  1955  ^nd  through  '1956,  the  brazing  program 
.  changed  from  the  test  phase  iqto  the  production  phase.  In  T 
December  1955  Fiberfrax  insulation  was  introduced.  The:  primary 
constituent  of^  Flberfrax  is  aluminum  oxic^e.  The  product  is } 
manufactured  ip  3heet  form  and  is  available  In  several  ^thick¬ 
nesses.  1$  prpved  an  ideal  insulating  mavericl  "or  the,  panel 
.  brazing  proceo-c.  Use  was  rmade  of  this  material  to  Insulate  ^th0 
panel  brazing  packages  so  ’.that  more  even  heating  could 'be  obtained 
on  the  sandwich  panels  during  grazing.,  ^  1  J 

I  <  3  1 

X-ray  radiological  methods  and  flash  testing  vore  both  developed 
>  as  test  pr<$cedpres  for  determining  over-d-ll  panel  quality  in  1956. 
Also,  butt-jwel{Jing  standards  for  Joining  [thin  sheet  material  used 
as  panel  f^cln^s  were  set  up  during  this  period.  L 

Concurrently  with  the  development  of  the  mrazing  technology * 
t.  the  configurations  of  the  ^various  structvrul  panel  parts  for  the 
airplane  were  determined.  These  configurations  can  be  Voughly 
classified  intb  three  type’s:  »1)  Flat  panfels  of  unlfomj  thickness, 
j  2)  contoured  or  ourved  pai)els|  and  3)  wec^ge  panels.  ' 

the  brazing  of  flat  panel^  offered  no  particular  problems.  This 
^  cannot  be  ^ald|  for  the  corjtouaed  and  wed^e  type  panels }  Te^t 
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panels  of  both  these  type3  w$re-  brazed  during  1955*  In  both,  the 
flow  characteristics  of  the  brazing  alloy  presented  problems. 

The  brazing  alloy  flow  in  the  contour  type  panel  was  Caused  by 
gravitational  forces  moving  the  brazing  alloy  from  high  to  l'ow 
regions  in  the  panel.  The  flow  problem  was  evaded  in  brazing 
contoured  production  panels  by  reducing  the  panel  slz§  and  there¬ 
by  reducing  the  amount  of  curvature  present.  Several* investi¬ 
gations  wire  carried  out  on  possible  methods  of  controlling 
this  type  ‘of  'brazing  alloy  flow.  Tests  regarding  braiing  dlloy 
modifications!  are  reported  iA  Section  II  H,  II-I,  andr  II  of 
this  report.  ’  Section  II’Q  dl3cribe3  a  zone  brazing  procedure 
for  controlling  alloy  flow. 

In  wedge  shaped  panels  the  problem  was  caused  by  brazing  alloy 
flow  into  the  core  capillaries  or  core  nodes  of  the  thicker 
core  regions.  This  decreased  the  amount  of  brazing  alloy  avail¬ 
able  to  form  the  skin-to-core  braze  fillets.  Results  of  tests 
on  brazing  alloy  flow  in  .thick  core  sections  are  given  in  Section 
II  N  and  J I  0  of  this  reportj  I  [  R 

Late  in  195^  investigations  were  conducted  oy  the  Manuf actjarlrg 
Research  3c  Development  D^parjmient  and  tne  Engineering! Test 
Laboratories  ^regarding  the  parity  of  the  argon  atmosphere  jLn  the 
sandwich  panejl  during  brazing.  Until  this  time,  the  brazing 
package  h^d  been  purged  by  flowing  argon  through  the  brazing 
retort  for  a  set  period  prior  to  brazing.  Testing  showed  Jthat 
in  the  flow  type  purge  the  ajrgon  passed  around  the  sandwich 
panel  andjrartely  penetrated  into  the  coye  region.  Itrwas  - 
.  further  founds  that  alternately  evacuating  the  brazing^ retoft  and 
filling  it  with  argon  gas  would  provide  purging  action  on  the 
entire  panel.'  This  method  of  cyclic  purging  was  adopted  in 
January  1$57 n  1  t  :  3 

•  !.  *  '  '  t  '] 

At  the  same  time  the  cyclic  method  was  adopted  for  purging, 
.panels,  the  two  tube  brazing 5 re tort  was  1  introduced.  The  second 
tube  served  as  the  argon  inlet  and  perv.jbted  passing  a  limited 
amount  of  jargon  through  tjhe  Aetort  during  brazing.  Tne  flowing 
argon  acted  as  a  carrier  'ga3! to  remove  foreign  gases  bvolved  by 
the  graphite  during  brazing.  The  use  of  flowing  argop  plus  the 
cyole  purling  technique  produced  a  notieeable  Improvement  in 
the  quality  of  brazed  sandwi&h  panels,  j  } 
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In  April  1957  the  use  of  sta ;|oleas  steel  type  3-10  core  was  4 
discontinued.  In  designating  core  material,  the  first  digit 
indicates  the  diameter  of  thd  core  cell  in  sixteenths  of  an 
inch.  The  last  two  digits  indicate  the  thickness  of  steel  foil 
used  in  the  core  in  ten-thoualundths  of  an  inch.  Both  type  3-10 
and  3-15  core  had  been  used  ijn  panels  prior  to  this  time.  The. 

.use  of  type  3-10  core  was  discontinued  because  it  sometimes 
collapsed  during  brazing.  Investigations  of  factors  affecting 
the  strength  of  17-7PH  steel  core  material  are  presented  in 
Sections  ^  F,  I  G,  and  I  H  of  thi3  report.  : 

!  :  .I  ’ 

During  the  spring  of  1957  a  problem  of  contamination  ),n  the 
corner  region' of  brazed  3andWich  panels  wa3  investigated.  'It 
was  concluded,  that  the  contantinatio"  wa$  caused  by  the  presence 
of  oxygen  and  carbon  in  the  brazing  atmosphere.  The  method  of 
admitting  argon  into  the  bracing  retort  was  modified  to  ensure 
that  a  positive  pressure  wa3  -maintained  in  the  argon  lines 
during  the  entire  brazing  cydle.  Section  I  J  presents  the  results 
of  tests  performed  by  the  ET£  on  the  causes  of  corner .contamina¬ 
tion.  La^er  in  1957  this  problem  was  virtually  eliminated^ by 
adoption  of  the  vapor  barriej*  or  picture  frame  concept  int9  the 
brazing  package.  This  modification  was  developed  by  £ho 
Manufacturing  Research  &  -Development  Department. 

'In  July  1^57  £  sterling  silver  plus  0.2#  lithium  alloy  wa3, 
adopted  to  replace  the  Ag-Mn  ibrazing  al^oy.  This  step  was£ 
taken  in  ordep  to  provide,  increased  corrosion  resistance  in  the 
brazed  padels.  Section  1^1  E  .presents  results  of  the  preliminary 
survey  on 1 thes  Ag-Cu-Ll  alloyi  conducted  by  the  ETL.  The  - 


preliminary 
Section  IKC. 


at  treat  data  for  use  with  Ag-du-Ll  areigivep  in 


f  ‘  |  j  1  n  c 

Several  brazing  problems  "arose  or  were  Accentuated  wi£h  thfe 
adoption  of  Ag-Cu-Li  as  the  alloy.  The  brazing  alpLoy 

flow  problems*  mentioned  in  a  preceding  paragraph,  continued 
to  be  troyblepome .  The  problem  of  voiaa  in  brazed  edge  member 
Joints  became,  increasingly  acute.  Section'll  L  and  II  M  , 
discuss  tala  problem.  Eventually,  It  w£s  found  that  ljy  exer¬ 
cising  closer)  control  in, the  forming  of, the  edge  member  detail 
parts  thl^  prpblem  could, be  -irtually  eliminated.  u  " 

Until  the'  susfeier  of  1958  Jno  Appreciable r corrosion  attack  on 
Ag-Cu-Li  grazed  panels  w^s  observed.  Ai  this  time,  ah  oxidized 
region  waf  observed  in  Ag-CufLl  fillets [after  exposurt  at  temper¬ 
atures  ab$ve  p5 0  F.  Investigation  showid  that  this  cynditjiLon 

i  f  1  1  \  §  ■  D 
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did  not  seriously  affect  pan  si  strength  after  300  hours  at  700  F. 
See  Section  HE  and  the  abstract  listed  under  Section  III 
'reference  12.  There  have  be :n  a  few  indications  that  Ag-Cu-Li 
brazed  panels  do  undergo  corrosion  phenomena  of  a  electrochemical 
nature.  These  indications  hpve  not  been  sufficiently  pronounced 
to  cause  serious  concern. 

In  .'March'  1959  the  standard  heat  treat  cycle  for  brazed  panels 
was  simplified  by  the  elimination  of  the  1400  F  conditioning 
step.  The  use  of  a  1650  F  brazing  temperature  for  the  Ag-Cu-Ll 
brazing  aalojf  made  elimination  of  this  Btep  feasible/  Test 
results  listed  in  Section  I  D  were  the  basis  for  thisc  change. 

The  possibility  of  eliminating  the  -20  F  transformation  treat¬ 
ment  is  being  investigated  at  the  present  time.  This- work  is 
being  done  under  a  separate  te3t  request  and  the  results  will 
be  reported  separately. 

i 

This  sequence  of  events  completes  the  development  of  the  stain¬ 
less  steel  blazing  program  until  the  present  time.  Seemingly, 
the  sandwich  [panel 3  brazed  with  the  Ag-pu-Ll  alloy  ai;je  adequate 
to  perform  tneir  intended  fuhctlon.  Thp  effect  that  .future 
increasedj  operational  requirements  will,  have  on  brazed  panel  is 
Still  an  unknown  quantity.  x  ,  [ 
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STAINLESS  STEEL  SANDWICH  PANEL  BRAZING  - 
DEVELOPl  ENT  TESTS  OF  - 


PURPOSE i  *  I 

"INI  ■  II  . .  V 

4 

To  develop  procedures  for  brazing  17-7PH  stainless  steel  sandwich 
panels  and  to  determine  the  cause  of  and  remedies  for  difficulties 
that  arose  during  the  fabrication  of  sandwich  panels. 

TEST  PROCEDURES.  SPECIMENS  AND  EQUIPMENT  , 


This  lteiUjls  ^intended  to  explain  the  procedures  followed  in 
obtaining  .the,  test  data  and  Other  information  presented  in'  this 
report.  .  .  .  .1 

TENSILE  TESTS,; 

"~”r  •  ' 

The  standard  flat  specimen  uded  in  ETL  for  tensile  tests  at  room 
temperature  is  shovei  in  Figure  2.  Baldwin  universal  machines  with 
capacity  of  5000,  60,000,  and  120,000  lbs.  were  used  for  tensile 
testing.  The  specimens  were  usually  held  in  position  by  Templln 
grips.  In  some  Instances,  a  clevis  and  pin  arrangement  was 
employed.  The  specimen  for  tensile  tests  at  elevated  temperatures 
is  similar  to,  that  of  Figure, 2.  It  is  provided  with  bolesj  in 
the  end3  jor  .loading  with  a  pin.  i  '  ; 

In  tensile  testing,  the  load'wa3  usually  specified  in. pounds  per 
minute  at;a  rate  which  wijuld^  break  the  |pecimen  within  2  to  3 
minutes,  junlaess  otherwise  stated,  the  elongation  was^ measured 
on  a  2"  riducfled  section.  Thf  yield  strength  was  calculate]!  from 
the  8 tre 3 A -strain  curve  JJcr  a  .2$  offsej;.  ^ 

The  accuracy  'of  elongation  measurements especially  of  thin  sheet 

llty. 


having  relatively  low  ductility,  is  often  questioned. :  This 
subject  Is  dibcussed  bridflyjat'  the  end^of  this  statement  on  test 
proceduref.  *  [  *  j  *  t 

f  t  6  X  I)  I 

A  notched- teqsile  specimen  for  sheet  is*  shown  in  Figure  3*<  This 
specimen  was  .used  in  somq  teits  for  whifh  the  results  are  given 
in  Item  IjD  cjjf  this  report,  j  r 

v  .  !  !  X  <  '■ 

FATIGUE  TESTS}!  ?  .  g  |  ■ 

The  standard  |.flat  specimen  ufted  for  fatigue  tests  in  axial  tension* 
tension  is  sHjown  in  Figure  4i  All  the  fatigue  tests  *ere  parried 
out  on  Sodnt^g  SF-l-U  universal  futigue|testlng^oachipes.  ,{ 

i  j  >  ?•  ‘  \  ’ 
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specimen  for  a  given  length  pf  reduced  section.  This  does  not 
necessarily  apply  to  all  thicknesses,  areas,  and  materials. 
Templin  (Pros.  ASTM,  Vol.  2 6j,  Part  II,  1926,  pp  376-398)  has 
discussed  the  effect  of  crosE-3ection  on  elongation.  In 
practice,  the  accuracy  and  meaning  of  the  elongation  measurement 
becomes  questionable  for  3heet  specimens  in  alloys  of  low 
ductility  and  light  gages,  licat-treated  17-7PH  steel!  sheet, 
in  thicknesses  of  say.  .025"  or  less,  is  an  example,  .j 

The  tensile  l^ests  carried  out  in  connection  with  the  develop¬ 
ment  of  sandwich  panels  were  mainly  on  sheet  3pecimenfe . .005" 
.008",  and  .©10"  thick.  For.- numerous  specimens  the  elongations 
obtained  were  low  or  marginal .  The  question  arose  asj  to  whether 
the  low  values  were  due  to  the  composition  of  the  material!,  the 
heat  treatment,  or  some  variable  in  the  testing  procedure.  In 
some  cases  Improper  preparation  of  the  specimens  was  the  cbuse, 
e.g.,  when  failure  consistently  occurred  toward  one  end  of  the 
reduced  section.  Such  tests,  were  usually  repeated.  In  other 
cases  thej reasons  for  eryatip  or  low  values  were  not  apparent. '  ■ 

In  summary,  |n  investigation,  for  determining  a  reliable  procedure 
for  measuring  the  ductility  of  thin  sheet  in  17-7PH  3<teel  . 
seems  to  be  warranted.  1  ,  j  ‘ 
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SECTION  I  -  STUDIES  CONCERNING  MATERIALS  USED  IN  SANDWICH  PANELS 


17 -7 ph  Stainless  steel 


HEAT  TREATMENT 

ITEM  A  -  INITIAL  HEAT  TREAT  RESPONSE  STUDIES  ON  I7-7PH  STEEL 

During  1954-1956,  several  Investigations  were  conducted  on  the 
heat  treatment  characteristics  of  17-7PH  steel.  The.,  results  of 
this  wort  ware  not  published  or  reported  by  memoranda.  They  are 
summarized  nere.  These  results  represent  test  data  which'  were 
either  n6t  directly  applicable  or  utilized  in  the  development  of 
any  particular  heat  treatment  subsequently  adopted  for  production.  " 

The  investigations  fall  into  two  categories.  These  are:  (l) 
Determination  of  the  tensile  properties  of  17-7PH  steel  obtained 
by  heat  treatments  corresponding  to  various  brazing  cycles; 
and  (2)  measurements  of - the;  dimensional  changes  in  tnis  steel 
caused  by  heat  treatment.  All  tests  wpre  performed  on  sheet 
stock.  .  All  heat  treatments1,  except  transformation  and  some 
coolings  as  indicated  in  tables  or  figures,  were  carried  out 
in  argon^  ; 

The  results-of  some  tensile  tests,  mostly  on  .005",  j.008^,  and 
.020"  thick ^material,  are  listed  in  Tables  IA-I  through  IA-VI. 

In  each  (tabje,  the  heat,,  treatment  is  given.  The  tenplle  ,,data 
are  not  presented  in  graph  lip  al  form,  j 

Tables  lj^-l|and  IA-II  give  jthe  tensile!  values  obtained  on  * 

specimen^  which  had  rec^ivepl  heat  treapmentr  similar^  to  the 
Armco  RH4  10$0.  The  tim§  at,  the  conditioning  temperature  ,iwas 
varied  for  specimens  of -Table  IA-I.  As  shown,  holding  for  30 
to  90  mi{iut93  at  1750  F  gave  satisfactory  tensile  properties. 

Table  IA^IKmakes  evident  tjiat  holding,  l'cr  10  minute^  or  ,60 
minutes  at  £he  transformation  temperature,  -100  F,  gave  , 
satisfacj  ;ory  properties;  except  for  the*  .085"  thick  s^eet,-  Both 
the  tensile  .yield  and  ultin^te  strengths  of  this  shept  wqre 
below  th' s  minima  of  Con|/ain  specif  ic  a  Won  _FSZ -4-046 Onq  set 
of  .085"  thick  specimens  ofj  Table  IA-iy  just  met  the,  specifica¬ 
tion  as  to  strengths .  Perhaps,  both  sets  of  specimens  had  been 
taken  fr4>m  one  lot  of  sheet  which  was  sensitive  to  the  cooling 
rate  and;  di$  not  property  respond  to  the  heat  treatments), 

-  t  1  I  1 

The  heat*  treatment,  H.T.  -3„  given  in  Tables  IA-III,,  IA-fV,  and 


temperature | of  +54  F  gaye  more  consistent  results  thkn  d^d  the 
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lower  temperatures.  Also,  tie  elongations  were  generally  higher 
for  transformation  at  +54  F.  From  the  data  of  Table  IA-V,  aging 
at  950  P  gave  higher  strengti  values  and  lower  elongations  than 
aging  at  1050  F.  The  elongation  of  the  .005"  thick  sheet  aged 
at  950  F  was  exceptionally  low. 

The  heat  treatment,  H.T.  -4,  given  in  Table  IA-IV  afforded 
acceptable  tensile  properties  without  a  conditioning  step.  The 
reason  why  this  type  of  treatment  was  not  investigated  further 
is  not  apparent.  One  explanation  may  be  that  the  primary  -concern, 
at  the  ti|ie  this  work  was  in  process,  was  high  strength  rather 
than  high  1 elqngation.  Subsequent  experience  has  provten  tbfet 
adequate  elongation  is  more  difficult  to  maintain  thah  high 
strength,- especially  in  thin- sheet.  This  refers  to  specification 
values . 

Table  IA-VI  gives  the  tensile  properties  of  .010"  thick  sheet  in 
17-7PH  steel,  processed  with; two  sandwich  panels  during  brazing. 

The  table^  sh<}W3  the  brazing  cycles.  Incboth  cases,  tfrie  material 
.  placed  at(  onq  end  of  thejbraiing  retort^ acquired  acceptable 
tensile  properties,  but  material  placed,  at  the  opposite  end 
had  low  UjLtlijate  strength.  phis  Indicates  the  presence  of.  a 
temperature  gradient,  presumably  reflecting  it3  most  adverse 
effects  during  the  aging  operation. 

t  i  1  <  1 

Figures  I^-Ij  IA-3,  and  IA-5,  show  curves  indicating  the  progression 

in  cooling  small  batches[of  pensile  specimens  of  17-7^H  steel 
from  three  different  temperatures  to  llpO  F.  The  results  „of 
tensile  tfcsts  on  material  cooled  as  depicted  in  theses  figures  are 
plotted  in  Figures  IA-2/ IA-fc,  and  IA-6>  respectively*.  Otj^er 
details  or  tlje  heat  treatment  are  given(  in  the  latter^  figures . 

As  shown  in  figures  IA-2*,  IA*-4,  and  IA-&,  sheet  specimens  .005", 
.008",  and  .020"  thick  were  heated  to  2100,  2000,  and  1900  F,  and 
then  cooled  and  aged.  For  e£ch  or  these  temperatures^  thq,  tensile 
properties  are  plotted  against  the  time<  bald-  at  the  shelving  or 
conditioning  '^temperature  j  of  jlJOO  F.  c  j  u 

As  may  be]  se|n  from  the  ibove  figures,  there  are  appreciable 
variations  ii  the  tensile  properties  depending  on  several  -factors . 
These  aref  the  temperature  to]  which  heated,  the  time  ax  the'  condi- 
•  *loning  temperature,  and*  the!  thickness  of  tne  sheet.  The  follow¬ 
ing  pattern  is  apparent  as  concerns  the  effect  of  increasing  time 
at  the  conditioning  temperature:  For  tfie  highest  heajting ‘.temper¬ 
ature,  21)0  f,  the  strengths!  increase  and  the  elongation  tends 
to  decrease.)  For  the  intermediate  temperature,  2000  5*,  both 
the  stren  5th; and  the  elongation  tend  to* remain  at  abcftit  the  same 
levels  of  values,  For  the  lowest  heatijig  temperature^,  1900  F>  .»■ 
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the  strengths  decrease  and  tlje  elongation  increases. 

\ 

The  three  figures  (lA-2,  IA-4,  and  IA-6)  show  that  the  tensile 
yield  and  ultimate  strengths jwere  high  for  all  treatments.  In 
ten  of  twenty-seven  instance^  the  elongation  was  below  the  sped- 
.  fled  minimum.  Poor  elongation  was  pronouncedly  characteristic  of 
the  .008", sheet.  Examination  of  the  graphs  indicates  that  two 
combinations  of  heating  temperature  and  time  of  conditionihg 
produced  ^cce^ptable  elongation  values  for  all  three  thicknesses. 

£  il  n  I  1 

Figures  IA-7,:  IA-8,  and  IA-9  3how  the  effects  of  the  shelving 
(conditioning)  temperature  aad  cooling  time  from  this. temperature 
on  the  tensile  properties  of,17-7PH  steel  sheet,  aged  at  1050  F. 

The  details  of  the  heat  treatment  are  given  in  the  figures.  Three 
thicknesses  of  sheet  were  tested,  viz.,  .005",  .008",  and  .020". 
Except  with  the  .005"  sheet  no  definitive  pattern  of  effects 
on  all  properties  was  developed.  For  this  thickness  the  general 
trend  was  toward  higher  tensile  properties  as  the  conditioning 
temperature  was  decrease^  fr^m  I'/OO  to  1400  F.  The  effect  of 
the  shelving  time  was  most  marked  and  consistent  as  concerns 
the  elongation,  the-  shorter  pime  gi  ving)  the  higher  values. ;  As 
to  the  .008"  'and  .020"  thick  sheet,  tbe^gcneral  trench  was  toward 
higher  strengths  with  dec^reaping  shelving  teopsratureg .  The 
elongatlop  developed  for .the- . 008"  3heet  tended  to  decrease  with 
decreasing  temperature  o{  shelving  for  |he  shorter  exposure. 

For  the  longer  exposure , -the^ pattern  was  scrambled.  Shelving 
temperatures  ; and  times  had  minor  effect-on  the  elongation  of  the 
.020"  sheet.  ‘  ‘  '  , 

Figures  Il-ld,  IA-11,  and  IAfl2  show  th£  effects  cf  tlie  shelving 
temperature  and  cooling  time"  on  the  tensile  uroperties  of  ^L7-,7FH 
steel  sheyt, ,aged  at  10f|  F.j  The  effects  are  more  or^ less 
comparable  t 9  those  resulting  from  aging  at  1050  F,  but  obvious 
divergencies  ;may  be  noted,  jfhe  ultimate  strengths  for  the  aging 
at  1075  F.  tended  to  leve^  off  or  decrease  a  little  wiph  depreasing 
shelving  temperature  fcr-t  the]  longer  timf  of  holding.  c  They; 
increased. fop  the  shorter  time.  Tb  yijld  strengths  increased 
for  both  phe  short  and  l&ng  times  but  mpeh  n  re  markedly  w,ith 
the  forme?*.  .The  elongation  bended  to  Increase  for  thf  .  0Q5" 
and  .008"'  sheet  for  both. short  and  long' times  with  decreasing 
shelving  temperature,  but  thfet  of  the  .jp20"  sht.ee  decrease;!. 

Both  .005^  arjd  .008"  sheit,  £ged  rat  105v  and  1675  F,  fiad  margi¬ 
nal  or  lo if  tensile  yield  *andi ultimate  strengths  witn  pcaep)table 
elongation.  j'The  .020"  sfteet]  acquired  satisfactory  strengths  with 
both  agin  ;  temperatures  ^ut  fiarginol  elongation  on  agj.ng  ^t  1050  F, 
J  •  ’ 

Figures  IA-IJ  through  IArl9  Show  the  effects  of  the  aging 
temperature,  Jon  the  tensile  properties  pf  17-7PH  steep,  shept, 

(  >  s  i  *  ,  i 
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following  a  variety  of  heatliig  and  cooling  treatments.  Three 
thicknesses  of  sheet  were  treated,  viz.,  .005",  .009",  and  .020". 
The  aging  temperatures  were  }  1050,  1075,  and  1100  F.  Full 
details  of  the  treatments  a;fe  given  in  the  figures.  The  general 
pattern  of  the  graphs  is  this:  Both  the  tensile  yield  and 
ultimate  strength  decrease  and  the  elongation  Increases  with 
increasing  aging  temperature  for  the  three  thicknesses. 

The  effects  of  the  combined  (treatments  (heating,  cooking, , and 
aging)  are  readily  apparent  jfrom  the  graphs  of  Figures  IA-13 
through  ]^A-1S.  Irrespective  of  the  treatment,  all  tfye  tensile 
yield  and  ultimate  strength^  were  above,  the  specif  lciitlonlmlnlma 
except  in  four  instances.  Vflth  the  treatment  given  in  Figure 
IA-16,  the  ultimate  strengths  were  below  the  minima  for  all  the 
thicknesses  of  sheet  aged  at^  1100  F.  With  the  treatment  of 
Figure  IA-19,  the  ultimate  strength  wa3  below  for  the  .020" 
sheet  aged  at  1100  F.  Both  <t'ne  strengths  and  the  elongations 
were  above  the  specification  minima  for  all  thicknesses,  with 
the  prior  treatment  of  F.lgunes  IA-17  and  IA-18,  on  aging  at 
1100  F.  ,  -  (  t 

if-.  L 

Tne  efforts  of  the  various  heat  treatments,  given  in  Figures 
IA-13  through  IA-19,  on  ‘the  elongations  of  the  17-7PH  stef’l 
sheet  specimens  are  of  interest.  Of  63  average  ei^ngatiop  values 
in  total*,  35^  were  below  the ‘specification  minima  or  56$.  Of 
21  average  elongation  valued  for  .005"  thick  sheet,  10  were 
below  thdj  specification  minimum.  Of  21  average  values  for  .009" 
sheet,  11  were  below  the,  miijlmum.  Finally,  of  21  values  jror 
,020"  sheet,?  14  were  below  jhe  minimum,  :  ; 

Figure  If-2C\  shows  an  S/^N  cirve  for  .  008"  thick  sheek  in  17-7PH 
steel,  tested  in  tensiop-teiision  fatigye.  An  R  faster  ofv  .25 
was  used,  rJ$ie  material  (was|heat  treated  with  a  modified  Armco 
TH  1050  procedure.  The  endurance  limit  was  determined  as:;  106 
kSi.  ,1  ,  j  ;  js 

f  l  i  ■*  a  1, 

The  test,daaa  from  which  thA  graphs  of, Figures  IA-1  f-hrough  I*\~20 
were  plotted  are  no  longer  Available.  The  values  p]ptted;for  the 
tensile  Properties  are  the  Averages  of  tests  on  three  specimens. 


The  measurements  of  the ‘dimensional  changes,  in  17-7?H  st^el  sheet 
or  three, thicknesses,  cgiuseA  by  different  heat  treatments^  are 
Hated  ih  Tables  IA-VIT  through  IA-X.  (Each  table  gijres  the  heat 
treatments  ilsed.  As  shj>wn,  the  steel  specimens  grewj  somewhat 
during  hf at  .treatment  through  the  transformation  step,  ijhen. 

If  \  1  I  .  t 
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they  contracted  a  little  on 


ging.  The  final  result  was  growth. 


Por  some  Unknown  reason,  the 'over-all  growth  of  the  .005"  thick 
sheet  was  predominantly  greater  than  that  of  the  .008"  or  .020" 
material.  Omitting  those  instances  where  the  growth  of  two  or 
three  thicknesses  was  the  same,  the  frequency  of  most  growth 
for  the  .005"  sheet  was  6.5  times  that  of  the  .008"  and  4.3 
time 3  that  of  the  .020"  sheet.  The  amount  of  contraction 
occurring  during  aging  was  generally  greater  with  increasing 
temperatures.  Also,  the  dati  showed  that  the  specimens 
conditioned  ^t  1700  F  developed  about  12^  more  over-all  growth 
on  the  av#ragie  than  those  conditioned  at  1400  F.  T 
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ITEM  B  -  COMPARISON  OF  BRAZ 
STEEt  SllKKT  Ma27vD 


WlTil"  &5;  I'b'  'S’t,LVi';ir-M'AKOrAN,ESE"ALLOY 


An  investigation  wa3  carried 
extending  into  early  1956  tc 
cycle  for  17-7PH  steel  r.nndv 
manganese  alloy  for  brazing, 
data  on  which  the  optimum  bi 
could  be  jbas^d. 

Standard  3tenbile-te 3 1  3peclnj 
sheet,  condition  A,  in  the 
.008",  .020"*,  .040”,  .063",  4nd  .080". 
limited  to  the  first  three.  ■ 


out  beginning  late  In  1954  and 
determine  a  satisfactory  brazing 
ich  panels  using  85:15  silver- 

The  primary  object  was  to  develop 
azlng  cycle  combining  he^t  treatment 


cns  were  prepared  from  1^-7PH~ steel 
ollowing  nominal  thicknesses:  .005", 
The  testing  was  mostly 


Several  basic  cycles  of  heat  treatment  were  investigated.  Cer¬ 
tain  variations  a3  concerns  cooling  and  aging  wei’e  studied. 

The  test -data  obtained,  together  with  the  heat  treatments  applied, 
are  given  ln}  Tables  IE-I  toiIB-VII.  ,•  ^ 

I  1  ■  r 

Figure  IB-I  -Is  a  chart  m  which  the  tensile  properties  of-.005", 

.008",  and  .p20"  sheet,  .heat  treated  according  to  different 
cyoles,  are  compared.  A,ll  the  specimens  were  aged  f<pr  90;,  minutes 
at  1050  5.  Jhe  test  values  Iwere  all  above  the  minima  specified 
for  17-7?H  steel  sheet  of  the  three  thicknesses.  These  minima 
were  1 50  jksij  yield  strength  and  180  ks{  ultimate  str^ngtlk  with 
elongation  of  3*5$  for  .005"  and  .008" 'thick  sheet  and  5.5$  for 
.020"  sh^et.]  - 

3  k  i  »  r 

With  onljj  orue  exception.  Figure  IB-I  urjd  the  pertinent  tables 

show  thalj  the  .008"  thick  sheet  had  higher  yield  audjultimate 
strengths  th£n  the  .005'(  and  .020"  materials  for  all  heat*  treat¬ 
ments.  *fhe  elongation  of  the  .020"  thicK  sheet  was  highest  for 


these  trafatmpnts.  Also,  thi 
conferred  higher  elongations 
the  -20  $  temperature . 


transformation  temperature  of  -100  F 
for  the  ttjree  thicknessfs  thpn  did 


r 


Figure  E^-2  khows  the  eifect(  of  aging  temperature  on-the  tensile 
properties  ok*  the  three  tsheojt  materials.  All  were  heat  treated 
according  to<  the  cycle  ^iven  in  Table  IB-I.  The  aging  time  was 
90  minutes  and  the  temperature  was  varied  in  the.  range  10p0  to 
1080  F.  »As  may  be  seen/’  thJ  yield  andjUltLr.ate  strengths;  decreased 
with  lnc»eas2Lng  aging  temperature.  The  slopes  for  the  .  0§)5"  and 
.008"  materials  are  about  tne  same,  bu|  the  slope  for  the  .020" 
'Sheet  is  jeonjs iderably  less  4beep.  The 'elongation  increased  with 


) 
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increasing  aging  temperature  for  the  .005"  and  .008"  materials 
but  decreased  for  the  .020"  3heet. 


In  Figure  IB- 3,  the  top  grafjh  shows  the  effect  of  time  at  the 
transformation  temperature  -1100  F,  for  a  given  heat  treatment, 
on  the  tensile  strength  of  tjhe  three  thicknesses  of  sheet. 

The  middle  graph  shows  the  affect  on  the  elongation.  A3  is 
evident,  the  strength  increases  and  the  elongation  decreases 
with  increasing  time  at  -10(3  F.  The  slopes  for  the  strengths 
are  practicably  parallel,  tn}t  those  for  the  elongations  differ 
appreciably.,  ;  c 

vi  .  i  - 

The  bottom  graph  in  Figure  IB-3  shows  the  effect  of  the  trans¬ 
formation  temperature,  for  k  given  heat  treatment,  on  the 
elongation  of  the  three  thicknesses  of  sheet.  For  both  the 
.005"  and  .020"  materials  the  trend  of  values  was  upward  with 
increasing  temperature.  For  the  .008"  sheet  the  trend  was 
downward.  The  elongation  values  for  the  .008"  and  .020"  sheet 
did  not  pll  jlie  close  tp  thf  straight  }.ine  Indicating  ther 


trend. 


The  test,  data  obtained  in  tljiis  Investigation  were  analyzed  to 
determine  whether  they  pffofded  information  on  which!- the 
optimum  braz-lng  cycle  could:  be  based.  ,  For  vhls  purpose  maximum 
yield  and  strength  values  together  wlt^  elongations  above*  the 
specified  minima  were  sp leered  from  thp  results  for  each  heat 
treatment  a3  set  forth  In  the  tables,  f  Likewise,  the' maximum 
elongations  together  with  acceptable  yield  and  strength  Values 
were  similarly  chosen.  ‘For, both  sets  of  maxima,  the. correspond¬ 
ing  he  at  ^  trea  tment  was  noted.  The  data  of  Table  IB-Vl  were 
not  included  because  thp  material  was  in  the  so.lutiop  annealed, 
A,  condition  ,prior  to  transformation  and  aging.  The  data  is 
included, to , show  that  annealed  material  cannot  be  hardened 
without  the ^conditioning  sttp.  The  values  selected  ^rom  vTables 
IB- 1  to  fB-y  and  IB-VII  were  rated  numerically,  and  ,the  results 
are  scored  in  Table  IB-VIII^  -  C  i 

Patterns^ of *sorts  are  abpar|nt  In  both^ the  upper  and'  iowdr 
sections’ of ‘Table  IB-VIuI.  First,  the  thickness  of  sheet  is  a 


r  lowdr 
sheet  is  a 


ilmirr  mpcrt  sheet 
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Second,  treatments  entaillnj  the  1400  F  conditioning  step  are 
not  necessary  for  developing  the  best  or  an  acceptable  combina¬ 
tion  of  tensile  properties. j  Third,  the  Armco  TH  1050  treatment, 
or  some  cycle  involving  cooling  from  1750  F  or  a  higher  temper¬ 
ature  followed  by  transformation  at  -100  F  and  then  aging  at 
1050  F,  yields  a  good  combination  of  properties.  None  of  this 
is  to  suggest  that  the  optimum  brazing  cycle  for  17-7PH  steel 
sandwich 'panels  has  been  worked  out  as  a  result  of  the  investi¬ 
gation  STjmmarized  here.  ;  i 
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TABLE  IB-VIII  -  Heat  Treatments  Rated  On  The  Baals  Of 

Tensile  PropertLcq  Conferred  On  17-7PH  Steel  Sheet 


Highest  Yield  &  Ultimate  Strength 


With  Elongation  Above  Specified  Minima 


*Rank  1  1  h-  3D +4  , 
of  Heat  '  1 

Treat-  '  2  *-  H2C  +  3 


14-2C  +  3 
H2C43 


o"-' 


1  t  3D4-4 


3  -  1+2C+3 

4  -  2 

5  r  1H 


t  p 

Highest" Elongation  With  Acceptable  4- 


*  1,  highest;  6,  lowest-,  ireatmento  Etnd  tables  of  data  given 
for  each  thickness.  >8  j  r 


4-  Substantially  above  specified  minima. 
It  %  ?■ 


TlUTT  REPORT  SHEET 
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HEAT  TREATMENT 

ITEM  C  -  COMPARISON  0F^  ERA!7,] 

ALLQX 


lie,  CYCT.es  for  HEAT.  TREATMENT  OF  17-7PH 
XT.Ii  6.T4.R  LT.'IG  .  S.  ILVJ^'PL- PLUS— 0  LITJ1IUM 


Early  In  1957»  work  wa3  carr 
sterling  silver  plus  0.2 %  li 
As  one  result,,  the  lowest  s 
this  alloy  was  1'ound  to  be  ltl 
production  brazing  temperatuif 
alloy,  th$n  in  use,  was  18:20 
to  determine  ^hat  effects  th$ 
on  the  response  to  heat  fcrea 
of  17-7PH  steel.  Also,  two 
examined.  ’  This  investlgatiori 


ed  out  on  the  evaluation  of  the 
hium  alloy  for  brazing  17-7FH  3teel. 
tlsfactory  brazing  temperature  for 
80  F  (cf.  Section  II,  Item  G )„  The 
e  for  the  85:15  silver-manganese 
An  investigation  was [conducted 
lower  brazing  temperature  might  have 
ment  and  on  the  tensile  properties 
different  heat-treatment  cycles  were 
is  summarized  here. 


In  tiie  heat  treatment  of  17- 
arcs  ( 1 )  ^ausrtenitc  conditlod 
ation  of  austenite  to  marten! 
treatment.  The  Convalr  heat 
brazed  wi^h  tfie  85:15  silver 
lng  for  90  mihutes  at  3 4 00  F 
brazing  was  performed  above  * 


Hi  steel,  the  three  essential  steps 
ling;  (2)  cooling  to  effect  transform- 
iite;  and  (3)  precipitation  hardening 
[treatment  cycle  for  sandwich  paneis 
|manmanes?  alloy  included  cond'ltion- 
[after  brazing.  As  mentioned,"  the 
)  V.  Brazing  with  the  sterling 
silver  pli,xs  0.2^  lithium .  alif>y  was  to  lie  done  at  1650  F.  pin 
U3lng  this  alloy,  tiie  need  for  the  conditioning  at  1400  F  was 
questione^.  with  the  object" of  settling  this,  sets  of  tenpile 
speclmons.werp  heat  treatcu  with  the  conditioning  step  at  1400  P 
incorporated  in  the  procedure;  other  sets  were  heat  treated  with¬ 
out  it.  The  former  arc  identified  a3  Aiand  the  latter  a3  (B. 

L  >  3  ;  ;  0  ; 

The  heat  $r,eu,tment3  were/oao^d  on  ti  e  fallowing  simulated  grazing 

cycle:  '  " 


1. 

2. 

3. 

4. 


Heat  to  1650  F  and  hold  15  minutes. 

^ool,’  to  1400  F  in  61)  minutes  and  hold  90  minjutes.. 

2  ?  ’  „  *  ci 

yoolj  to  -20  F  within  8  hours  a£d  hold  30  mlnptes.j 

Ige  <at  1050  F  fqr  9')  minutes.  j  >  * 


The  transformation  temperature  (step  3>*  above)  was  varied  with 
some  setsjof  specimens  arjd  the  aging  temperature  with/ others . 

.Most  of  tie  ttensile  test!  were  performed  on  sheet  specimens  .005" 
and  .010" *  thick.  Small  numb  irs  of  specimens  .021",  . £44"/ and  .061" 
were  also^tes'ted.  In  additim,  various^  tests  were  mabe  or^ 

.1  t  t  i 

i  t  ;  1  1  i 

!  C  •  f 
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samples  cut  from  a  few  bra/.id  sandwich  panels.  These  were 
brazed  In  the  range  1620  to  1700  F  and  otherwise  processed 
according  to  the  B  cycle.  ! 

Table  IC-I  gives  the  results  of  tensile  tests  on  17-7PH  steel, 
specimens  .005"  thick,  and  Table  IC-II  gives  the  results  on 
specimens  .010"  thick.  The- transformation  temperature  was 
varied  from  0  to  -100  F.  Otherwise,  the  heat  treatment  was 
in  accordance  with  the  A  or  B  cycles  as  designated  in  the 
tables.  Table  IC-III  lists! additional  results  on  specimens 
.005"  and  .010"  thick  and  also  some  test  values  for  specimens 
.021",  .044",  and  .061"  thljsk.  Table  IC-IV  gives  the 
results  6f  tensile,  edge  compression,  flat  compression,  and 
axial  tension-tension  fatlgye  tests  on*  samples  cut  fT’om  the 
brazed  panels.  ! 

I 

In  Figure  IC-1  bar  charts  sliow  the  effect  ol'  the  transforma¬ 
tion  temperature  on  the  tensile  strength  and  elongation  of 
17-7PH  steel  sheet.  The  chhrts  rover  test  data  on  specimens 
.005"  and  .010"  thick,  heat;  treated  wit),  and  without^  the  ,1400  F 
step.  Fpr  phe  .010"  mafceriiil  the  strength  tended  to  increase 
with  decreasing  temperature  of  transformation  when  the 
1400  F  step,wa3  used;  the  elongations  ^ere  relabivel-v  high. 

For  the  £am4  material  without  the  1400  F  step,  thcreTrwas  a 
pronounced  los3  of  strength  with  transformation  temperature 
of  -100  the  elongations  (tended  to  bje  relatively  lpw.  . 

Referring  farther  to  Fifi’re;  IC-1,  for  *the  .005"  shee^t  with 
the  1400C  step,  the  strengths  foil  owed  no  pronounced  tpend-wlth 
decreasing  temperature  of  transformation  but  wan  appreciably 
lowered  for--60  and  -10Q  F.J  The  elongations  were  re^atiyely 
■  high.  I^r  £his  thickness  wjLthouo  the  vllOO  F  3tep  th£  strength 
tended  tp  decrease  noticeably  with  decreeing  transformation 
temperature  with  a  marked  lpau  for  -100  F.  The  elorigatlons 
were  relptlyely  high  fop  temperatures  flown  to  -60  F r 

Table  ICj-Ilf  shows  thatr.OOfe",  .044",  and  ,06l"  sheet,  heat 
treated  Recording  to  thp  simulated  brazing  ?ycle  both  with 
and  without  [the  1400  F  jjtepj,  had  acceptable  tensile  .'properties. 
The  .O2O5'  s$eet,  with  apd  Without  the  eteo,  and  the  j.OIO" 
sheet,  without  the  step,  had  elongation  values  belovf  therspecl- 


sheet,  without  the  step,  had  elongation  values 
f  led  mir^Lmai  f  )  !  ■  ' . 
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HEAT  TREATMENT  | 

ITEM  D  -  ELIMINATION  OF  COND [TIONING  TREATMENT  AT  1400  P  FOR 

rr=7Fir^TEEr: - - - - 


In  the  Spring  of  1957 >  an  in 
determine , the  necessity  of  t 
F  for  brazed  sandwich  panels 
tion  was  occasioned  by  the  a 
lithium  bjraz^ng  alloy.  As  a 
subsequent  aqd  related  inves 
discontinued Hln  March  1959.  j 


estigation  was  undertaken  to 
ic  conditioning  treatment  at  1400 
in  17-7  PH  steel.  This  lnvestlga- 
.option  of  the  sterling  Btlver.  .2# 
result  of  this  together  with  _ 
.igations,  the  1400  F  step  was_ 


The  data  given  here  are  the  Results  of  tensile  and  fatigue  tests 
carried  opt  before  and  after;  the  elimination  of  the  conditioning 
step.  These  tests  were  perfbrmed  on  17-7PH  steel  Bheet  both 
with  and  without  conditioning  at  1400  F. 

Table  ID-£  through  ID-IY  givie  the  tensile-test  values  obtained 
in  ’1957  fur  different  thicknesses  of  sheet.  The  values  in  the 
first  three  tables  are  summarized  In  Ta£le  ID-V.  The(  values 
in  Table  fD-TV  were  not  included  in  the-  summary  of  Table  ID-V 
because  of  the  long  cooling  times  from  the  conditioning  temper¬ 
atures.  The^e  long  cooling  ijtimes,  6  and  12  hours ,  apparently 
had  relatively  small  effects^  on  the  tensile  properties.  Add.  the 
specimens,  for  which  dataware  given  in  Table  ID-I  to  ID- IV 'were 
cut  With  ihe^rolling  directlpn  parallel^  to  their  long}  axes 
(longitudinal).  The  spe$imehs  were  prepared  from  sheit  stock 
and  heat  xreited  in  the  ^TL.l  In  Tables^  ID-II  and  ID-ill  the 
identif lection  "Keats  5,:  6,  !/,  and  8"  refers  to  different 'lots . 


Keats 


J 

The  speeijnene  of  the  flrpt  three  tables}  were  heat  treated.' 
according^  to} the  following  simulated  brazing  cycles:  , 

1.  jiea^ed  to  1650  jj?  inj  30  minutes  and  held  10  m'inutes. 

2.  ^Cooled  from  l65jp  F  to  room-  temperature  in  3  ijours. 

?.  k.  ^Cooled  to  ljlOO  J?  in  60  miniates,  held  9oJnlnu4es, 

T  ] and  then  copledt  to  room  temperature  in  3  houws, 

3.  Cooled  to  -20F  and  held  for  30)  minutes.  f  !l 


pooled  to  -20F  j^nd  Jheld  for  30|  minutes.  jj 


at  1050  F  for 

.  .  s  . 


Reference  ma  '  again  be  made 
the  avera  sea  of  the  tensile 
required  jy  Jonvair  specific 


0  minutes. 1, 


.  1  ^ 

to  Table  ni-V.  As  ehown  jther$, 
properties  are  above  the  Jniniijum 
ition  FZS-4}-04o(C)  «xcep0  forCthe 


elongations  of  the  .010"  an[i  .020"  thick  sheet. 

The  values  summarized  in.Tasle  ID-V  were  not  regarded  as  an 
adequate  basis  for  discontinuing  the  conditioning  step  at 
1400  P.  , This  was  mainly  be  nause  no  transverse  specimens  were 
tested.  Tensile  specimens  nulled  transversely  to  the  rolling 
direction  of  17-7PH  steel  s neet  usually  exhibit  noticeably  lower 
percentages  of  elongation  than  do  specimens  tested  lpngltpdlnally . 

*  i  j 

Several  fes^  programs  to  determine  the  necessity  f or,i  the  J.400  P 
step  were  conducted  during  1958.  The  results  were  unsatisfactory 
for  one  reason  or  another.  For  example,  where  low  tensile  proper¬ 
ties  were  obtained  on  specimens  heat  treated  without  the  condi¬ 
tioning  step,  specimens  treated  with  it  likewise  had  low  proper¬ 
ties.  The  data  obtained  in  these  programs  are  not  included 
here . 

Table  ID-VI  and  ID-VII  give  the  results  of  tensile  tests  on 
specimens  cut  from  sheets  which  were  h^at  treated  in  production 
brazing  facilities  at  Convalr,  Ft.  Worth.  The  sheets  were 
.010"  and  .q25"  thick.  rThey  were  heat, treated  without  the 
.1400  P  step  jin  the  prodyictlpn  equipmenp,  and  aged  at, the  ETL. 

The  test  data  given  in  the  above  tables  were  obtained  early- 
m  1959. '  *  l  i  t  ( 

In  Table|  ID-VI  and  ID-illI  £he  heat  treatments  are  rtferrfed  to 
as  furnace  and  salt-bath  cycles.  The  former  was  carried  Out  in 
a  Holcroft  tfurnace  and  the  fatter  in  a  salt  bath.  These  heat 
treatments  vjere  as  follqws:?  I  f  A 

*  *  I  $olcroft  Furnace  *  \ 

1.  ^Heajted  from  10qo  pi  to  14C0  F  |n  15  minutes.,  ] 

♦ 

2.  Heated  from  1400  Fjto  1650  F  in  75  minutes. 

»  .  1  \  t  t  ( 

3.  eHel^d  at  I65O  Fjfor^lO  minutes |  , 


.  ^Furpace  cooled  ^froii  1650  F  to  1400  F  in  65  ainutfs 
.  Air|  cooled  froi^  l4<jo  F  to  10o|  F  in' 45,  minuses .  \ 

.  Cooked  to  -20F *and jhe] d  for  3$  minutes.  1 
.  Lg4i  at  1050  F^forbo  minutes)  j  ,  ] 
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In  certain  high  carbon  and  alloy  steels,  rapid  cooling  catises  a 
metastable,  body-centered-tetragonal  phase,  martensite,  to  form. 
These  steels  usually  contain  residual  untrans formed  austenite  in 
addltldj'i  to  the  martensite*  phase.  The  retained  auatenijie  is 
thought  to  have  extensive  effects  on  the  mechanical  properties 
of  these  steels.  If  the  Amount  of  retained  austenite  cduld  be 
determined,  this  knowledge,  should  be  useful  in  predicting  the  ~ 
properties  which  a  particular  steel  will  possess. 

Dilatometric  and  magnetic  methods  of  analysis  can  be  used  to 
determine  the  presence  of  retained  austenite  when  it  is  present 
in  amounts  of  15#  and  above.  X-ray  diffraction  techniques  (l,  2, 

4,  7)  have  been  used  to  determine  the  amount  of  retained  austenite 
when  this  phase  is  present  in  lesser  amounts.  The  work  reported 
in  this  section  is  the  result  of  an  attempt  to  adapt  the  X-ray 
diffrac'tiop  method  to  17-7PH  stainless  steel  sheet* 

The  X-ray  method  for  tie  determination  of  retained  austenite  in 
steel,  first  described  by  ^Averbach  and  Cohen  (l),  vyas  uged  in 
this  investigation.  The  njethod  may  be  described  a^  follows: 

3  l  .  It 

If  a  pqp.ycryatalline  njatei^Ial  containing  austenite Jand  martensite' 

is  lrradiated^wlth  X-rays,'  each  crystal  will  dlffraot  Independently 


according  J;o  Bragg's  Lpw.  '6 


tl  A  *  2'd  s$n  Q 


1 


wherje  3 

t 


fl  •  any  integer  j 

t  C 

X  ■  wavelength  of  XJrays  ' 

(  !  I  3 

c/  ■  lhteijplaner  spaoing  in  crystal 


The  dif^ra^ted  energy  at  iny  Bragg  atjgle  can  be  shdwn  bei 


l  3  -  ahgl^  of  incidence  of  X-rays  tilth  the  sample 


?  \JbhD  \  Fe 


&  1  fem(Lt)  <r  •  (4  AV6) 

I  t  /i  JL  /)  i  k  I  |  T  3 

wheA  /  -  Integrated  intensity  of  martei|site§(hkl) 


I) 


<1  j  .  \  | 

constant  for  a  given  experiment 

r  i  i  ,  ■;] 


jimin  mport  JHiet 


I 


Department  i 

FWP  1072-1.54 


DATI 


F2 

»  struct' 

m 

•  multip 

L.P. 

-  Lorent 

ff^m 

*  Debye -1 

a(0) 

•  sample 

-  Lorent^  Polarization  factor 

i 

*  Debye -jailer  temperature  factor 

•  sample [absorption  if actor  (constant 

diffractometer)  v 

*  ’  a 

■  volume  -[fraction  of  martensite  < 

I  * 

■  volbme  jof  unit  cell  of  martensite 


A  slmila^  equation  may  be  written  for  each  diffraction  peak  of 
austenite  (  '?')•  The  factor^  V,  F,  ra,  (L.P.)  and  e“2m  can 
obtained  for  each  interplanar  spacing  furnishing  a  diffraction 
peak.  The  values  listed  ln<Table  IE-I’were  taken  from  Taylor'B 
book  "X-tfay  Metallography"  |B).  These  constants  can  be  combined 
into  the  coefficient  R,  and ‘the  following  equations  written: 

'(El'  A)  ‘ 

-  KR^y^.  *(Eq.  B)  8 

The  volume  irradiated  1^  then  the  only  unknown.  If  the  simple  can 
be  assumed  to  contain  only  austenite  and  martensite: v 

tl  3 

1  v  Vrf  +  V  -  ’L1  *  c 

.  ..  c*  O'  i  » 


Since  K  depends  only  on  ?the  ’experimental  conditions  Ind  is  inde¬ 
pendent  of  the  kind  and  quantity  of  the  diffracting  substance: 

f  :  i  ?  »  ‘it 

1  ‘  arjd  Lzl.  : :  [v  -j,  ] 

■  >  *  f  i  ^  ;  « 

Using  thqse  Ratios  for  arid  Vr,  the  percent  austenite  1ft  the 
sample  my  bi  calculated  frdm  the  following:  *  «  .  ‘ 

I  %  austenlte<  -  4 _ I2: _  !x  100  (Bq.  C) 

1  ;  ,  ♦ v*.  r  \  ?  ' 


(Bq.  C) 


This  investigation  was  concerned  with  the  amount  of  retained 
austenite  present  in  heat  treated  17-7fH  stainless  sfeel,*  After 
heat  trerftmehfe,  this  st&sl  $s  primarily  martensltio;  ^however, 

i  ,«  l  !  i  i  *  . 

*  *  •  ■  !  I  *  1 
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(  \  i  _ 1  1 


a  ..  ’«  d 


wtiutt  kwoit  $Hir 


Deportment  A 
FWP  rOW-l-31 


C  0  N  V  A  I  R 

A  DIVISION  Of  GENERAL  DYNAMICS  COlfO RATION 

(FORT  WORTH) 


A  V  WA  V-  V  VUViA  A  U  V* 

body-centered-cubic  phase), 
and  retained  austenite  are 
delta  ferrite  can  be  observ 
ation  and  can  comprise  as  m 
is  indistinguishable  in  ord 
either  martensite  or  alpha 
in  lnterpfcaner  spacing  with 
phases  arie  extremely  slight., 
graphically  but  are  not  pick 
procedure^ .  .This  fact  and  ti 


there  are'  other  phases  present.  Delta  lferrite  (a  high  temperature 
bodv-centferei-cubic  Dhasel.  carbides,  intermetallio  compounds, 

1  found  in  varying  amounts.  The 
after  proper  metallographic  prepar- 
h  as  20 %  of  the  steel.  This  phase 
ary  X-ray  diffraction  patterns  from 
on.  This  iis  because  the,  differences 
the  crystalline  lattices  of 'these 
phases  arie  extremely  slight.!  The  carbides  can  be  seen  metallo-  ~ 
graphically  but  are  not  picked  up  by  ordinary  X-ray  dlffractIori 
procedure^.  .This  fact  and  theoretical  tcalculations  hased^on  I 

stoichiometry  and  carbon  content  indicate  that  17-7PH  steel  contains" 
less  than  1#  carbide  phases  , by  weight.  The  intermetallio  compounds;,: 
are  present  in  such  low  concentration  as  to  leave  doubt  as  to 
their  identity.  The  amount  of  retained  austenite  varies  with 
the  heat  treatment.  However,  this  phase  is  usually  picked  up  on 
X-ray  diffraction  patterns  and  so  can  be  assumed  to  be  in  excess 
of  5^  of  the  total  alloy  content. 

The  presence;  of  carbides)  and!  intermetallio  phases  was  ignored 
during  thjis  Investigation .  ;Their  concentration  is  s<p  low  as  to 
have  no  appreciable  effect  an  the  analytical  results tof  the 
determination.  The  assumption  was  madq  that  delta  ferrite  and 
austenite  we^e  present  before  heat  treatment.  After ^eat, treating, 
inartensitie,  delta  ferrltp  arid  austenite  were  considered  to  be 
present.  JNOgattempt  was  macje  to  distinguish  between;'the  martensite1 
and  delta,  ferrite  phases^  in  the  X-ray  diffraction  pattern^. 

A  major  jfcrtion  of  the  tjlme  'spent  on  this  investigation  wis  con¬ 
cerned  wl^th  surveying  the  pertinent  literature  and  determining  a 
possible  best  procedure.  It  was  decided  to  use  an  X-jray  diffrac¬ 
tometer  (£ ,  <0  and  record  the  diffraction  pattern  wi^h  a  §rown 
Recorder.,  Tpe  other  alternative  was  tq  use  a  camera-tf ilm^proce-  ’■ 

dure.  No  densitometer  tyas  4vailable  f<p  reading  film  intfnsities, 
and  the  diffractometer  Sjeem^d  to  provide  a  more  straightforward 
method.  j  >  > 

It  soon  became  apparent  *thalj  17-7PH  sheet  is  a  troubiesomA  material 
for  this ?type  of  analysis.  jPrevlous  workers  had  avoided  orientated 
textures  Jin  the  materi  al]  being  analysed.  This  was  obviously 
impossible  ifi  the  case  of  sfleel  sheet.  Also,'  the  metallography 
of  17-7PH  steel  posed  several  problems  I  Metallographic  procedures  f 
could  prdvidB  a  convenient  means  of  cross-checking  risult^  obtained 
by  the  Xnjray*  dif fraction*  method.  In  rj-7PH  steel  several,; phases 


cit  vi  a 

ent  ri 
n l  met 


eans  of  or 
hod.  In  1' 


o  <  nc  apii au  pruucuureB 

ross-checking  risult^  obtained 
1*4 -7 PH  steel  several,;  phases 
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are  present,  and  also  the  grain  size  in  :heat  treated  material  is 
quite  small.  !  j 

Throughout?  the  project,  attenjpts  were  made  to  use  the  delta 
ferrite  phjase  as  a  reference  standard.  The  amount  of  this  phase 
was  determined  by  the  lineal  analysis  or!  point  counting  method 
(6)  in  sevleral  Instances.  The  results  obtained  by  point  counting 
did  not  agree  with  those  obtained  by  the  X-ray  diffraction 
procedure..  The  reason  for  this  lack  of 'correlation  la  discussed 
later.  f  /  3 

3  ii  J  ? 

After  the  /ir^t  few  diffraction  patterns  were  obtained,  it_was 
evident  ttyat  aevere  grain  orientation  was  present  in  the  17-7PH 
material.  This  can  be  seen  in  the  P/R  values  listed  in  the  tables, 
Assuming  that  the  calculations  for  R  are  correct,  the  P/ft  values 
should  be  equal  for  all  reflections  in  a  particular  phase  and 
sample .  > 

A  rotating  sample  holder  was 'introduced  to  attempt  to  compensate 
for  the  preferred  orientation  in  the  specimen.  This  attachment 
rotated  tfte  specimen  around  an  axis  perpendicular  to  the  surface 
being  lrrqdiajted.  The  results  of  the  rotated  specimens  weye 
as  follow^ t  , 
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Next  an  attempt  was  made  to  Cancel  out  tjhe  orientation  effects  by 
irradiating  specimens  taken  from  three  directions  with  respeot  to 
the  17-7PH  steel  sheet.  Figure  IE-1  illustrates  the  manner  in 
which  the  17-7PH  sheet  was,  sectioned  and  the  notation  used  to 
identify  the  sample  direction  with  respect  to  the  sheet  in  the 
tables.  Results  from  three  heats  of  material  are  given  in  Tables 
IE-II  and  .IE-III.  Again  the  ;P/R  ratios  varied. 

Informatidh  concerning  rollirjg  textures  was  obtained  from  Barrett 
(3).  Austenite  ha3  a  face -centered  cubic  lattice .  The  primary 
rolling  tdxtujf’e  for  thi3  phase  is  (110)  [ll2]  .  This  indicates  that 
the  110  p][ane.  will  tend  to  be  parallel  fco  the  rolling  .plane . 

The  (110)  'planes  will  tend  to  be  alined  in  a  [112}  direction  with 
respect  to  the  rolling  direction.  In  the  case  of  delta  ferrite 
the  primary  texture  should  be  (100)  Qoil^ .  The  expected  orien¬ 
tation  of  the  martensite  phase  was  not  determined.  Its  orientation 
would  depend  on  the  orientation  present  in  the  austenite  phase 
prior  to  transformation. 

~*From  the  preceding  paragraph  <  ^ can  be  $een  that,  wheq  the“flat 
surface  of  thp  steel  sheet  w^s  irradiated,  the  (200)  ijeflejption 
from  ferrite  ■pnd  the  (220)  reflection  f^om  austenite  3hould 
have  been  .strongest.  This  w^3  found  to, be  in  agreement  with  the 
experimental  results.  Hojwev^r,  the  degree  to  which  tfcis  orienta¬ 
tion  was  present  varied  from  sample  to  sample . 

'  | 

Further  conclusions  from  the. above  Information  can  benappl^ed  to 
specimens  rtaklpn  from  othe^  directions  in  the  sheet.  foe  interplaner 
angles  between  reflecting  pl|nes  can  also  be  calculated.  From 
these  angles  and  the  experimental  P/R  ratios  it  was  determined 
that  the  ^211^)  line  of  martensite  and  the  (200)  line  Of  aujitenite 
were  least  affected  by  the  rolling  texture.  The  average  values 
obtained  fror^  these  reflections  were  determined  by  adding  jthe 
integrated  intensities  for  t)}e  flat,  ed$e,  and  end  specimens  and 
dividing  by  tpree.  The  §veri,ge  P  value  obtained  was  |hen  (divided 
by  R  and  Substituted  in  equation  C.  These  results  together 
with  the  i  delta  ferrite  obtained  by  point  counting  are  listed 
in  Table  IE-Al.  The  tensile  results  f?om  each  heat  17?-7PH 

!  steel  are jalap  listed,  iiguies  IE-2, 
of  A  cond^ticai  17-7PH  stqel  etched  to 
phase.  The  difference  ini  orientation 


specimens ^ln  pvident. 

The  calculated  values  for  th 
heats  of  A  condition  17-7PH 
peroentagJs.  I  In  heat  47660 


3]  and  4  are  ph&tomifcrographs 
show  the  delta  ferrite 
in  the  flat*  ed^e,  apd  end 

|  )  1 

percent  delta  ferrite  in  the  three 
teel  do  not  agree  with  t$e  measured 
he  amount  $£  delta  ferrite  determined 


by  the  X-iay  method  is  al!mos  ;  twice  thejmeasured  araouati  jThls  is 
in  contra} t  t}o  heats  67260  apd  67177  in,whioh  the‘X-*£y  vjilue  is 
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lower  thari  the  measured  valu 


Thla  caA  be  explained  only  If  the 


A  condition  17-7PH  3teel  from  heat  47660  contained  some  martensite. 


Carwile  arid  Rosenbery  (5)  ah 
material  yhich  seemingly  con 


lew  photomicrographs  of  A  condition 
ained  martensite.  Attempts  to  show 
that  A  condition  material  fr<  m  heat  47660  contained  martensite 
were  inconclusive.  The  appei  ranee  of  a  substructure  in  the  aus¬ 
tenite  grains  wa3  observed  a.  ter  severe  etching.  However,  the 
"same  type  of  structure  was  observed  in  the  other  two  beats,  of 
material  after  similar  metal;  ographic  treatment. 

It  is  appiren.^  that,  based  or  the  present  experimental  results, 
the  validity  of  the  retained  austenite  values  cannot  be  stated. 

The  possibilities  of  this  method  of  determining  retained  austenite 
have  hot  been  fully  explored*  It  seems  entirely  possible,  given 
sufficient  time,  that  a  workable  method  could  be  determined. 
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ITEM  - ■  CONCLUSIONS  FOR  ITEMS  A  THRU  E 

The  conclusions  drawn  from  the  several  Investigations  relating 
to  the  heat  treatment  of  1  Tf-T  PH  steel  sheet,  summarized  in  Items 
A  to  E,  are  given  in  the  foil  lowing  paragraphs. 


ITEM  A  -  INITIAL  HEAT  TREA1 

Tensile  tests  were  made  on 
The  testfc  w£re  mostly  on  sp 
With  the.  RH.  1050  type  of  tr 
to  90  minutes  gave  accepcat 
10  and  60  minutes  at  the  tr 
gave  satisfactory  tensile  j 
In  the  TH  1050  type  of  tre? 
formation  temperature,  trar 
tent  values  than  did  lower 
higher  strength  values  and 
1050  F.  ,  * 

A  particular  heat  treabp-nt 
acceptable  t'-nsiie  prorcrU 
ing  regimen  mi,  ht  hr  w.ph'c 
3tep.  In  some  tests,  ap.u'f 
ties  were  noted,  depending 
the  tempferature  to  wnich  he 
temperature j  cooling  rut'*, 
tensile  lyieg-d  and  ultimate 
as  the  conditioning  tempem 
1400  F.  j  Both  strengtusj  wer 
creased  (With  increasing*  agl 
Specimens  of  17-7  PH  steel 
a  r-etortj  during  tne  braf in^ 
average  difference  of  1{5  ka 
ultimate)  strength.  Thev  end 
.008"  thick,  in  the  TH  p.05<i 
ksl  in  axiajl  tenslon-tensirj 


T  RESPONSE  STUDIES  ON  17 -7;  PH  STEEL. 

■I 

sheet  after  various  heat  treatments, 
psclmens  .005",  .008",  and  .020"  thick. 
r;atment,  a  conditioning  tlime  Qf  30 
tie  tensile  properties.  Times  of 
r sn3f ormation  temperature  of  -100  F 
properties  except  for  Bheet  .085"  thick, 
atment  with  variations  of  the  trana- 
nsf ormation  at  *54  F  gave  more  consls- 
temperatures .  Aging  at  950  F  gave 
lower  elongations  than  aging  at 

|  I 

b  without  a  conditioning  s,tep  gave 
4e s.  Thi3  suggested  a  suitable  braz- 
ci  out  for  elimination  of  the  1400  F 
eeiable  variations  in  tensile  proper- 
on  several  ri'actors  .  These  included 
sated,  the  time  at  the  conditioning 
and  thickness  of  the  she^t .  The 
strength  we«re  generally  increased 
nture  v/ as  decreased  from  1700  50 


1400  F.  j  Both  strengtabj  werfe  decreased  and  the  elongation  in¬ 
creased  Jwlth  increasing*  aging  temperatjure  from  1050  ,to  ljlOO  F. 
Specimens  of  17-7  PH  steel  siieet  processed  at  opposite  e^tds  of 
a  retort]  during  tne  brafinf  of  a  sandwich  panel  showed  an 
average  difference  of  1{5  kj  1  In  yield  strength  and  11  ksi  in 
ultimate)  strength.  Thev  enc urance  limit  of  17-7PH  slpeel  sheet 
,008"  thick,  in  the  TH  p.05(  condition^,  was  determined  as,  106 
ksl  in  axiajl  tenslon-tensir n  fatigue,  j 

The  dimensional  changes  of  17-7PH  steel  sheet  specimens  f?n  heat 
treatment  wfcre  measures,  i  ll  the  specimens  grew  sofiewhaf;  dur¬ 
ing  healj  treatment  through  the  transformation  step,*  They  con¬ 
tracted  ja  little  on  aging.  The  final. result  was  growth, :  With 
increasing  temperature  f'of  <  ging  the  amount  of  contrfictiop 
increased.  §  For  some  reasoii  the  overall  growth  of  t$e  .005" 

:(  £  i  'i  .  i  i 

]  \ 
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thick  sheet  was  predominant] 
or  .020"  material.  In  all  i 
relatively  small. 


r  greater  than  that  of  the  .006" 
istunces,  the  total  growth  was 


ITEM  B  -  COMPARISON  OF  BRAZING  CYCLES  OF  HEAT  TREATMENT  OF  17-7PH 


WITH  85:15  .SILVER  MANGANESE  ALLOY. 


Several  basic  procedures  of  heat  treatment  with  variations  were 
investigated  in  connection  v 1th  developing  a  satisfactory , braz¬ 
ing  cycle  foj?  use  wLth  the  (5:15  Bilver-manganeae  alloy.  Tensile 
tests  were  made  on  17-7PH  steel  specimens  mostly  in  three- 
thicknesses,*  viz. ,  .005",  .C08",  and  .020",  after  thrf  various 
heat  treatments.  -  - 

Practically  all  the  treatmer  t3  tried,  as  simulated  brazing 
cycles,  gave  acceptable  ten: lie  properties  when  the  specimens 
were  aged  at  1050  or  1060  F,  Specific  treatments  gave  high 
yield  and  ultimate  strength:  with  satisfactory  elongation. 

Other  tr^atrrysnts  gave  hl^h  <  longation  with  acceptable  strengths. 
Thus,  a  qhol£a  of  procedure!  wa3  made  available. 

it  .4  0  *  ? 

i* 

The  elongation  generally  increased  under  the  following  conditions: 
With  increase  in  the  thickness  of  specimen;  with  lncpeaser in 
transformation  temperature ; jand  with  increasing  temperature  of 
aging.  For  given  heat  treatment,  tne  elongation  tended- to 
increase ,wlth  decrease  in  time  at  the  transformation, temperature 
of  -100  jr.  J  j 

Usually,  ,whe|i  the  elongation  increased,  the  yield  andiultitoate 
strength#  decreased.  ,  j  , 

?  \  , 

With  only  one  exception,*  thi  .008"  thick  sheet  had  higher- 
yield  and  ultimate  strength!  than  the  t005"  and  .020"  materials 
for  all  heat  treatments.  Tie  elongation  of  the  .0201'  thi^k 
sheet  wa$  highest  for  tfyese  treatments! 

.3SL£-!  ,  :  !  !  ; 


With  only  one  exception,*  thi  .008"  thick  sheet  had  higher- 
yield  and  ultimate  strength!  than  the  t005"  and  .020"  materials 
for  all  heat  treatments.  Tie  elongation  of  the  .0201'  thi$k 
sheet  wa$  highest  for  tfyese  treatments!  f 

IJEMC.  .«  ?  f  f  • 

Changing ^br^sing  alloys  necessitated  further  work  to;  determine 
the  effect  djf  different fhea  ;  treatment#  on  the  tensile  prf>per- 
tles  of  I7-7PH  steel  sheet.  This  was  for  the  purpose  of  com¬ 
paring  sflmuEated  brazing  oyliles  for  usf  with  the  steflingg  silver 
plus  .2#slitinluin  alloy  In  brazing  sandflch  panels.  In  partlcu- 


* - ci  - - - - sR  T - *  w ‘  7  I.  *  Cfl 

plus  .2#  7  lithium  alloy  }n  bfazing  sandjrlch  panels.  In  particu¬ 
lar,  the  effects  of  transformation  andk  aging  temperatures,  were 
lnvestigAtedf.  j  1  t 
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For  the!. 010"  thick  sheet, 
in  the  oycle,  the  tensile 
lower  transformation  tempe: 
was  a  marked  loss  of  streni 
of  -100  ,F.  .  For  the  .005"  i 
strength  was  appreciably  di 
-100  F.  Without  the  1400  : 
noticeably  with  decreasing 
a  marke<|  lops  for  -100  Fj 
-20  F.  c  ,,  . 

f  » 

The  values  for  various  -tes 
wlch  panels  were  mostly  ac< 
fatigue  specimens  failed  ci 
imum,  and  skin  specimens  f: 

ITEM  D  r 


when  the  1400  F  step  was  incorporated 
trength  tended  to  increase  with 
atures.  Without  the  1400  F  step  there 
th  with  transformation  temperature 
heet,  withlthe  1400  F  step,  the 
creased  by ; transforming  at  -60  and 
1  step  the  strength  tended  to  decrease 
temperature  of  transf ormatlon,  with 
here  was  a considerable  increase  for 
?  c 

i 

a  on  specimens  out  from  brazed  sand- 
eptable.  However,  tensibn-tenslon 
nsiderably  below  the  specified  min- 
om  one  panel  showed  low  elongation. 


The  investigation  summarized  as  Item  If  led  to  the  following 
conclusions,!  .  ^  si 

The  1400  F  Conditioning  step  is  not  nicsBsary  when  *  bracing 
temperature  of  1650  F  |s  u|ed  for  17-fPH  steel  sandwich  pane 


1050  F  can  give  low  elongation.  An  a|lng  temperature  of  1050  - 
1070  F  may  Be  better  for  production.  }  ^ 

The  percent' elongation  of  ,hln  17-7PH  steel  sheet  iftcreabes 
with  lnireafelng  width  of  t4st  specimefl.  With  increasing^  gage 
length  $he  pleasured  elpnga  ;ion  increases.  Also,  with  depressing 
gage  length,  the  scatter  in  value  decreases .  £  i 

{  3  l  !  $  ( 

ITEM  E  *  • 

1  '!  ,1  .  1 

As  to  Item  Is,  the  followin  ;  conclusions  were  drawnt 
i  1  ^  ( 

The  texturer  developed  by  r  lllng  17-7fH  steel  sheet,  in  light 
gages  exhibits  pronounced  directionality.  The  degrle  of ’grain 
orientation;  varies  from  he  it  to  heat.l  i  ] 


F  $3  ujed  for  17-/PH  steel  sandwich  jpanels. 

For  som^  heats  of  17-7^H  sieel  sheet  |n  aging  tempeyaturp  of 

a  elongation.  An  a|ing  temperature  of  1060  - 


I  •• 

The  (2li)  reflection  of  fefrite  and  martensite  and  the  (feoo) 
reflection  bf  austenite  art  least  effected  by ‘the  grain  prien- 
tatlon. .  ,  J  I  !  :  I  1  • • 
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The  pero  intages  of  retained 
sheet  by  the  X-ray  diffract 
be  e'xpec  ;ed  on  the  basis  of 
No  means  wasl  found  to  validk 


austenite  found  in  17-7PH  steel 
on  method  wore  in  the  range  to 
prior  work  on  martensitic  steels 
te  the  results. 
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CORE  PROBLEMS  «  ;  | 

Three  investigations  on  protlems  relating  to  honeycomb  core  were 
carried  out  in  1956-1957.  lie  results  were  reported  in  memoranda. 
Summaries,  of  these  investigations  are  given  as  Items  P,  0,  and  H. 

ITEM  F  -  EtEVON  REB  CORE,  412615? 

Early  in  <1956,  a  peculiar  appearance  of  honeycomb  coi*e  was  noticed  ~ 
in  production  after  pickling  for  cleaning  and  before r layup  of  r 

panels.  ^The*core  had  been  supplied  by  the  John  J.  Fdster-Mfg.  f 

Company,  Costa  Mesa,  California.  Cleaning  produced  a1  series  of 
bright  anCd  dull  bands,  alternating  to  suggest  zebra  tftrlpds.  The 
appearance  is  shown  in  the  pnotograph  of  Figure  IP-1.  More  of 
the  core  was  bright  than  dull.  • 

Tests  were  made  to  determine!  the  cause  of  the  banding.  These 
disclosed  that  the  elevon  rib  core  (4T3615,  3/ft  1811,  IR  33234) 
was  not  fabricated  entirely  .in  17-7PH  steel  but  rather  largely 
in  type  321  stainless  steel.  The  smaller  amount  of  the  core 
was  17-7PJ1  sfeel.  j  ,  , 

l  ,  <  » 

Knoop  hardness  tests  showed  nome  difference  between  the  dull  and 
bright  bands.  Converted  to  ‘Rockwell  hardn“3s  number^,  thb  values 
werei  Du^II^Rb  98.5)  bright  Rb  90-92.  Metallographic  examination 
showed  a  pronounced  difference  in  structure  of  the  dull  and  bright 
core.  Figure  IF-2  is  a  photomicrograph  of  a  dull  section.  This 
is  typical  of  annealed  ly-7EH  steel.  Figure  IF-3  is  pa  photomicro-  : 
graph  of  a  bright  sectiop.  ,’This  is  an  austenitic  structure 
similar  t\p  t^at  of  18-8  stainless  steel.  Chemical  analyses  of  I, 
,the  brigh,t  cpre  gave  resulta  correspon4ing  to  the  nominal* compos i-  -r 
tion  of  3)21  ptainless  stjeel,  ,  ' 


This  investigation  Indicated  that  321  steel  foil  had  lost  identi¬ 
fication  .In  the  plant  of.  thq  core  manufacturer  and  had  become  mixed 
there  wit^h  17-7PH  steel  fol].  5  *  : 


When  the  ^investigation  wjas  dompleted,  recommendation ! was  made  tha 
all  honeycomb  core  then  at  djonvalr-FW  be  examined  and  tested 
for  composition.  Recommfenddtion  was  albo  made  that  jJroceduree  of 
quality  Control  be  established  for  all  ,’core  received. at  C^nvair 
to  prevent  a  recurrence  of  fhe  situation  described. <4  5 


recommendation !was  made  that 
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ITEM  Q  -  0ERRO-ALLOY  ATTACK 


|0N  17 -7 PH  STEEL* 


A  preliminary  investigation 
1956  to  determine  the  effect 
propertied  of  17-7PH  steel  doll 
are  supplied*  in  a  variety  ofj 
melt  at  relatively  low  temp 


This  preliminary  work  indica 
contact  with  the  steel  diffu 


fwas  carried  out  about  the  middle  of 
of  Cerro  alloys  on  the  tensile 
The  Co-called  Cerro  alloys 
analyses  and  are  compositions  whloh 
aturea,  e.g.,  100  to  200  F. 


efr 


ted  that  the  alloy  Cerrobend  in 
ses  into  it  when  the  temperature  is 
raised  fo^*  brazing  or  heat  treatment.  The  diffusion. is  quite  . 
detrimental  to  the  steel,  cs using  a  loss  in  tensile  strength 
of  up  t0|75&and  mostly  or  *  holly  destroying  the  elongation, 
si 

■In  performing  the  experimental  work,  tensile  test  specimens  of 
17-7PH  steel  foil,  .002"  thick,  were  subjected  to  a  Condition 
much  more  severe  than  would  normally  be  encountered  in  the 
production  brazing  of  honeycomb  sandwich  panels.  Cerrobend  was 
cast  arovyid  (Each  specimep  before  heat  treatment.  The  specimens 
were  then  exposed  to  a  s-lmuiated  production  brazing  cycle  and 
subsequently,  heat  treated  ir|  accordance  with  the  schedule jOf 
Table  IG-j,I.  £  Cerrobend  mjsltd  at  about  P.  When  the  tensile 
specimens  were  heated  in,  thq  simulated [brazing  cycle \  the^result- 
lng  liquid  alloy  diffused  into  the  ste^l.  L  s 

*1  1  (  1  ) 

Table  IO-I  gives  the  results  of  the  tensile  tests  on  the  specimens 
as  heat  treated.  The  tepsi^e  properties  of  I7-7PH  steel  {oil, 
.0015-. 0p2"  thick,  heat  treated  as  Indicated  may  be  ^aken.,ast 
Tensile  yield  strength,  upwards  of  150'ksi;  ultimate  ^strerjgth, 
upwards  of  1^0  ksij  and  minimum  elongation  in  2",  35^*  The  values 
may  be  compared  with  the  te^t  results  in  the  Table.  .Figure  IQ-1 
is  a  photomicrograph  which  ^hows  the  Intergranular  diffusion  of 
the  Cerrojbend  in  the  steyl.  ,,  y  ^  ~ 

Additional  wprk  was  done,  on  [selected  samples  of  hone ycomb^ core  re¬ 
presented  asj  typical  of  yenejor  fabrication  in  which  one  the 
Cerrolow  .alloys  was  used,  to  faid  in  the  anilling  operation.  3  The 
particular  Cerrolow  composition  was  not)  identified.  |The  core 
samples  were1  heat  treateji  at)  Convalr,  using  a  production  cycle. 
Metallographlo  examination  was  made  to  ‘determine  whether  the  vendor 
cleaning  [process  had  removed  all  the  Cdrrolow.  Numerous  samples 
were  examine!!,  and  in  twb  sections  areis  were  found  4he re 3 slight 
intergranular  diffusion  had  [occurred.  lX-ray  fluorescent  Analysis 
Indicated*  that  small  amc^ntA  of  bismuth),  os tensively Originating 
in;the  Ce,rro4ow,  were  present  in  core 
after  heat  treatment  at  Con^air. 
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CONCLUSIONS!  ITEMS  -  P,  0,  l 


ITEM  F  -  EtiEVON  RIB  CORE 

-  r- . . —  -  '  

The  investigation  of  a  banded! 


17-7PH  steel  foil  and  partly 
conclusion;  was  drawn  that  the! 
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appearance  of  honeycomb  core  supplied 


by  a  vendoi*  showed  that  the  cpre  had  been  fabricated  partly  from 


JTrom  321  stainless  steel  foil*  The 
two  steels  had  become  mixed  in 

the  fabricator's  plant.  AlscL  the  conclusion  vras  reached  that 
a  recurrence  ^f  this  situation  should  be  prevented  by  {establishing 
suitable  jyocqdures  of  qualitjy  control.  .  t  * 

ITEM  0  -  C&RR&  ALLOY  ATTACK  ON  17 -7 PH  STEEL  !!  I 

The  investigation  of  the  effect  of  Cerro  alloys  on  the  tensile 
properties  of  17-7PH  steel  fail  showed  that  diffusion  of  the 
alloys  caused  large  I033  in  strength  and  mostly  or  wholly  destroyed 
the  elongation  of  the  steel.  •  Examination  of  honeycomb  core  from 
vendors  who  used  Cerro  alloys  in  their  milling  operations  showed 
that  small*  amounts  of  bismuth^  derived  from  these  alloys  might  be 
present.  This  contamination  *was  ascribed  to  inadequate  cleaning 
of  the  core,  : 

ITEM  H  -  INVESTIGATION  0f[  LCV/,  STRENGTH  HpNEYCOMB  CORE  f 
<  f  I  !  ,j 

The  Investigation  of  low  strength  honeycomb  core  developed [some 
-useful  information.  At  least*  three  faetprs  which  affect  the 
strength  ojf  cqre  and  panels  vjjsere  observed.  The  first  was  tjhe 
degree  of  response  to  hcujj;  treatment,  arid  the  second  *fas  intergran¬ 
ular  penetration  of  the  core  Steel.  Lastly,  the  thicliness  of  the 
core  foil  J»as^found  to  be^quijte  significant.  ?  * 

.  !  t  !  * 

Core  hardness. varied  among  panels,  and  J,t  v.a  s  consistently  .lower 
than  skin  haranesu.  Core'  hardness  did  rijOt  correlate  satisfactorily 
with  the  fjiatwlse  compressive  strength  of  specimens  fxjom  panels. 
Both  the  carbon  and  nitrogen  contents  of  cores  differed  markedly 
among  varipus. samples  and.  foi|  the  most  pjart  substantially  Exceeded 
the  specification  limits  f  Fv.  rthermore,  .the  chemistry  Jas  concerns 
carbon  anefc  nitrogen  in  the  cares  did  no'$  correlate  with  coye  hard¬ 
ness  or  panel: strength. 


The  tests  -on  type  3*10  cojre  dfld  not  solve  any  metallurgical 
problems.  *  They  did  indicate  jthat  the  tlilckness  of  .0010"  provided 
scant  or  r^b  margin  for  slight  imperfections  due  to  manufacture  or 
material,  i  j 
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The  results  o(f  test3  pointed 
from  optimum  heat-treating  p 
on  core  rlspdnse  without  inf 
in  heat-tfeabing  procedure  i 
solution, ^atmosphere,  and  de 


to  the  possibility  that  departures 
ocedure  may  have  significant  effect 
uence  on  panel  Bkin  response.  Paotors 
delude  time  and  temperature  of 
tails  of  copling  and  of  aging. 


Factors  which  appeared  to'af'ect  the  flatwise  compressive  strength 
of  panels  include  the  fillet  dimensions,  core  thickness,  inter¬ 
granular  penetration  of  the  :ore,  and  the  extent  of  foil  buckling 
developed  in  fabrication  of  ;he  core.  5 

Intergranular*  penetration  dui  to  oxidation  or  corrosion  was 
evidently1 associated  with  a  sontaminant  in  the  brazing  atmosphere. 
At  the  same  time,  microstruc  ;ural  differences  in  core_ material 
examined  in  this  investigation  indicated  the  possibility  of 
varying  susceptibility  to  intergranular  penetration. 
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Figure  10-1:  Intergranular  diffusion  of  Cerrobend 

In  17-7PH  steel  foil;  excess  Cerrobend 
on  edges  of  sTfceal;  etchant  electro¬ 
lytic  oxalic  acid;  X250. 
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EFFECT  OF  CERR0BI5 

WO  ON  THE  TENSILE  PROPERTIES 

OF  1T-7F*H  FOIL,  .002”  THICK 

l  l  Yield 

)  J  '  Strength, 

Specimen  .  ksl . 

Ultimate  r  - 

Strength,  0  Percent 

kai  ‘Elongation 

1  None  ’ 

2  None  '  ’ 

3  •  None 

4  None  l 

5  >  None  i 

6  None  \ 

7  158.9  1 

8  f  None  j  j 

9  *  None  -  : 

*  X 

•  • 

1  '  ,  * . 

73*5  None  j, 

47.0  ;  None  j: 

79.0  ;  None 

1  139.6  ,  0.5 

44.1  0.5  ;;  -■ 

143.4  None  i  V 

162.8  None  i  ■ 

114.9  p  0.5  i 

95-7  •  None  *;■ 

- L. - 1 - 1 

Heat  treatment  cycle: 

1,  Held^at  4.815  F  for  15  minutes 

>  ii  1 

2 $  Furnrfce  tooled  to  l400  F  in  90  minutes 

■  r  *  i 

3.  Held  ;at  1400  F  for  90  minutes 

t'.  ( 

4*  Furnace  .cooled  to  room  temperature] 
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TABLE  IH-1 


TEST  DATA  ON  PAN:  !LS  EXAMINED  17-7PH  STEEL 
BRAZED  WITH  85::. 5  SILVER -MANGANESE  ALLOY 


Panel  I 
Identification 


Flatwise  .Core  Core+Comppsltlon . 

Core  Compressive  Hardness,  Carbpn  Nitrogen 
Type  Strength,  psl  Rockwell  C  56  r 


S/tt  40,00$*  J  3-io 


1324-45 
S/K  4911  !' 

i  1275-8 

sA  21001  ‘ 

1295-43-2  n 

;  s/to  51002*  • 

4p  1326-59  •* 

.  S/N  119 

*  .  mm 

■\  4P  1326-60  .! 

,  sA  306-38  i 

V  4T  14004  \  j 
SA  2409  I  ,  j 

k  4p  1271-191  i 
Hi  s A  10,014  ■ 


3-10  355-644 


}24-29 


1  .26 


3-10 


157^244 

i 


3-10  125-305 


3-10 


3-10 


3-10 


121^44 


*  9 

i72t$99 


t  «°9 


i  .11 


i  3-10  431-^07 


4p  I66l-li  f  3-15 

sA  RO  3691-23 


f  sA  RO  3691- 

i  ,.l  4T  015-2  f 

5000  Jr, 

|.ri4,  FTP  356|f  1 
|^.‘sA  3037 

;r';.V4T.  2234-4 


fl6-ill6 


i)- >:-* 


sA  3274 


ihU*  Flask  Test 


I 


3-15 


,3-15 

3-15 


|70488 


t *>’  />,  :  J- 

<  (36  .lit. 


-VIS  .rlifr# 


Flash  Wei  (Failure 


in> ' 
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sheets.  The  tern  'skin'  me.Jna  shin  sheet. 


"The  mlnlinum  ultimate  and  yl 
met  by  both  the  shielded  anc 
with  4,.  3  to  4.#  elongation 
843^1,  Akins  had  higher  ultin 
3.o£  elongation.  The  shielc 
design  allowables  with  4.5# 

"The  results  from  the  tensic 
and  unshielded  17-7PH  stain] 
slight  effect  due  to  carbon 
The  endux\ancf  limit  for  the 
approx imateljr  5000  psl  lower 
17-7PH."  ; 


eld  strength  design  allowables  were 
unshielded  17-7PH  stainless  steel 
for  the  049-837 -T4  skins ^ The  049- 
ate  and  yield  strength# ''fpjch  1.8  to 
ed  skin  from  049*841-7  met  the  minimum 
elongation. 

n  fatigue  tests  for  the  shielded 
ess  steel  appeared  to  shtfw  only  a 
pick-up  fev  the  skins  from  049-837-T4. 
unshielded il7-7PH  were  (sic)  - 
than  those  (sio)  for  the  shielded 
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ITEM  J  j  INVESTIGATION  OF  EMBRITTLEMENT  IN  THE  CORNER  REGIONS 

-  OF  17-7  STEEL  SANE  tfICH  PANELS  . 

An  investigation  was  undertaken  as  a  result  of  the  rejection  of  -f 
several  grated  17-7PH  steei  sandwich  panels  because  of  a  so-called  ! 
corner  condition.  The  tern  "corner  condition"  was  meant  to 
indicate  that  the  panel  She  ved  evidence  of  contamination  at  the 

corners.'  Testing  usually  e  lowed  that  such  contaminated  panel  1 

regions  failed  in  a  brittle  manner.  J‘ 

The  contamination  was  first  attributed  to  air  leaks  *,in  the  i 

incoming:  argon  gas  lines.  Since  several  structural  twemb^rs  of  ;■ 
a  sandwioh  panel  Join  at  the  corners,  these  regions  ^contain  gaps 
that  senre  as  openings  for  circulation  of  the  purging  gases  into  ; 

and  out  pf  the  core  during  brazing.  Air  leaking  into  the  argon  . 

line  was  eliminated  by  maintaining  the  pressure  in  the  incoming  | 
gas  line  above  atmospheric  pressure.  | 

Although  excluding  air  fron  the  argon  undoubtedly  afforded  better  * 
panels,  the-corner  conditio  i  was  still*  found  in  somer.  Another 
possible  cause  of  the  cbnta nination  was  thought  to  be  oarbon  i 

pick-up  from  the  graphite  t  fazing  form,.  Test  data  wpre  obtained  ' 

to  determin$  the  validity  c  E*  this  ldeq.  V 

M  J  1  |  I)  J  A 

Nine  panels. exhibiting  contaminated  corners  were  examined  during  f 
this  investigation.  The  dajjta  presented  for  panels  3. ?7 ,  and  j 
9  are  representative  of j thd  results  obtained.  Metallographic 
sections  were  taken  from  contaminated  areas  in  each  panel,  and 
chemioal.  analyses  for  carboh  and  nitrqgen  were  run  qp  adjacent  i: 
regions.:  ,  ,  j  •.  (i  * 

Figures  iJCJ-i  through  IJ*-4  are  diagram^  showing  the  r4giorfs  sampled 
and  listing | the  carbon  and  litrogen  contents  found  iji  various 
panel  sections.  Flgurep  IJ-5  through  lJ-9  are  photojnicrqgraphs 


panel  sections.  Flgurep  IJJ 
of  specimen^  removed  from  vj 

The  chemical  analyses  showe 
members  in  almost  everyi  ins 
.09#,  specified  for  17-?PH 
members  was .concentrated  at 
surface  ,,J  as  j  shown  in  Figure 
carbon  was  found  on  the^out 
gen  contents,  although  $igh 
any  deficit!  pattern  of t loo 

The  metailo|raphic  examjjnat 
leal  analyses  for  carboy, 
present  In  the  former  auste 

;■  1  l  i 


irious  locations  in  the  panels. 

1  that  the  carbon  con  ten  t_  in  1|he  2 
;ance  exceeded  the  maximujin  amount, 
jteel.  This  excess  carbcjp  in  .the  Z 
the  outer  jedge  and  more  ixpos,ed  upper 
IJ-2 .  In  one  panel,  a  high  content  of 
sr  side  of  k  bottom  skin.’  The  nitro- 
in  several}1  analyses,  did?,  not  ^suggest, 
ition.  !  * 

!  .  i  ? 

Lons  confirmed  the  result's  of  the  chera- 
Sxcessive  amounts  of  carbidesjwere 
lite  grain  boundaries  of  xhe  z-member 

’•  f.  . 
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shows  the ’difference  In  carb 
panel  doubler.  Figures  IJ-7 
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report  no  .  FQT?272!L 

MOOil - B-Sq...- — 

DATE . 1/19/61- 


I 

1 

specimens^  2*his  oarblde  concentration  was  heaviest  toward  the 
surfaces  Of  these  parts.  Filure  IJ-5  shows  the  difference  in 
carbide  intent  of  a  Z  membef  and  a  panel  skin.  Figure  IJ-6 

de  content  of  a  Z  member  and  a 
IJ-8,  and  IJ-9  show  the  presence 
of  intergranular  oxidation  ofl  the  more  Exposed  surfaces  of  Z 
members  and  doublers.  This  Condition  is  definitely  Indicated 
in  the  photomicrographs  in  w  tich  the  grAin  boundaries  are 
evident  when  no  etchant  was  used.  The  oxidation  can  be  inferred, 
from  the  photomicrographs  of  the  same  sections  after  {itching, 
by  the  extent  of  the  attack  on  the  surface  layers.  ^ 


:  1  y 


■ 


l  A  ITEMS  I,  J 
.1 - 1 - 


CONCLUSIONS 

The  investigation  on  the  effict  of  graphite  on  17 -7PH  steel 
during  brazing  at  1850  F  showed  that  carbon  is  absorbed  in 
considerable  amount  when  thejsteel  is  in  contact  with  the 
graphite.'  The  test  results  indicated  that  graphite  forms  can 
be  used  sue cetos fully  in  brazing  sandwicty  panels  provided  that 
a  protection  jsheet  is  laid  between  the  graphite  and  tJjie  panel 
skin.  i  y  ,  j  .  r 

The  study ton  .corner  embrl-ttlement  disclosed  that  this  condition 
is  due  toccartbon  absorption  tty  the  Bteel.  Carbon  contamination 
was  found  .in  tthe  Z  member^  of  nine  panels  examined,  phe  1 
contamination  was  most  severe  in  regions  of  maximum  exposure  to 
the  circulating  gases  during .brazing.  Superficial  intergranular 
oxidation -was;' observed  o t\  the  more  exposed  surfaces.  t  r 
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Top  of  ski.  1 

lanel  l,  lection  1-54 

/lielia's  etc!. ant;  X500 

Ti.Lr>  sect  loo  of  skin  is 
normal.  No  contamination 
is  present. 


Brazing  Alloy 


Top  of  edge  member 
Panel  1,  Section  1-10 
Villa's  etchant;  X25Q 

The  top  surface  of  this 

edge  member  shows  savors 

oarburisatlen. 


Figure  U-5 
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;  EFFECT  OP  ELEVATED  TEMPERATURES ; 

Two  investigations  on  the  effects  of  elevated  temperatures  on 
17-TPH  stainless  steel  were|recently  carried  out,  the  results  of 
which  were  not  published.'  They  were  made  available  by  memoranda. 

,In  addition,  rfome  information  on  these  effects  has  appeared  in 
two  published  reports  (reference  FTDM-1415  and  FQT-1362-l). 

The  first  gives  some  values  .as  to  the  effect  of  repeated  exposures 
to  1000  F  and  subsequent  cooling  to  room  temperature *on  the 
tensile  strength  and  dimensions  of  17-7PH  steel  and  two  other 
stainless  steels.  The  second  contains  some  data  on  the  shear 
strengths  of  brazements  of  17-7PH  steel.  The  results  of  the 
two  unpublished  investigations  are  given  below. 

ITEM  K  -  ELEVATED  TEMPERATURE  PROPERTIES  OF  17-7PH  STEEL 

When  the  sterling  silver  lithium  alloy  was  adopted,  the  brazing 
temperature  was  lowered  from  1825  to  1650  F.  With  these  changes, 
the  number  of  edge-member  voids  increased  in  17-7PH  steel  sand¬ 
wich  panels.-  One  possible  cause  for  this  condition  was  suggested, 
viz.,  the  higher  mechanical ^properties ^of  the  steel  at  the  reduced 
brazing  temperature.  ,  % 

Late  in  1957.»  as  connected  with  the  problem  of  voids i  te3jts 
were  performed  to  determine 'the  tensil^  properties  aqd  short- 
time  creep  strength  of  17-7PH  steel  at  .elevated  temperatures. 

The  data  Jwere  obtained  for  use  as  a  manufacturing  aid  in  deciding 
the  amount  of  mismatch  sjnd  danning,  of ’the  edge -member  components 
of  panel^,  tjiat  could  be  corrected  by  the  pressure  applied  during  V 
brazing,  j  t  j  ^  ?!  1 

The  tests’  wel*e  made  on  dhee^  with  nominal  thicknesses  of  .040"  < 

and  .063".  The  following  properties  wqre  determined  £  Modulus  of  , 
elasticity  in  tension  and  snort-time  creep  strength  at  1600,  1650,  ■ v 
1700,  and  1825  F;  tensile  yield  and  ultimate  strength,  and  elong-  s 
atlon  in ,,2",,  at  1650,  1700,  J1750,  1800$  and  I85O  F.  ^Most^of  the 
data  are  ^the.  results  of  jingle  tests.  ^  #  j' 

The  values  obtained  are  givqn  in  Tables'  IK-I  to  IK-lfl.  fche  data  | 
of  Table  ]lK-][  and  IK-II  !are  plotted  in  lthe  graphs  of  ‘Figures  IK-I 
and  IK-2/  respectively.  f'  InjFigures  IK-*3  to  IK-6  the ‘data1  of 
Table  IK-flir  are  plotted.  Figure  IK-7  |is  a  oomposittf  whifh  shows 
the  stress  required  to  deform  17-7PH  steel  sheet,  eiiher  flastlcally 
or  plastically,  at  temperatures  from  1600  to  1825  F  4n  the  basis 
of  modules  o|*  elasticity’,,  y  jeld  strength,  and  oreep.  \  j 
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ITEM  L  -  ffFFECT  OF  EXPOSURE  i  T  700  F  ON  BUTT-WELDED  17-7PH  STEEL 

In  the  eaajly  jnonths  of  1959>  an  investigation  was  carried  out  to 
determine  whether  prolonged  ixpoaure  ln^alr  at  700  P  would  adversely 
affect  th$  tensile  propertlei  of  17-7PH  steel  sheet  as  butt-welded 
and  unwelded.. 

Two  lots  Of  sheet  stock  were | tested.  One  was  .005"  thick,  and  the 
other  was 010"  thick.  Parti  of  the  specimens  for  test  were 
butt-weld|d  by  the  Heliarc  mi  thod.  The  weld  seam  ranc transversely 
across  th^  middle  of  the  gagn  section.  The  rest  werecnot  welded. 
Conjecture  had  been  made  tha  ;  the  weld  zones  might  be  jaffected 
differently  than  the  parent  netal  as  a  result  of  prolonged- 
exposure  at  700  P. 

The  material  for  test  was  he  it  treated  In  simulation  of  a  produc¬ 
tion  brazing  cycle  (1650,  l4$>0,  -20,  1050  F).  Tensile  specimens 
were  heated  in  air  at  700  F  for  100  and  300  hours.  The  tests 
were  performed  at  room  temperature  after  the  exposure#  at  the 
elevated  temperature.  J  -  - 


The  results  df  the  tensile  tfsts  are  gi!en  in  Tables  IL-I  to 
IL-VI..  T£e  specimens  referred  to  as  Control  had  not  been  welded. 
Figure  ILj-1  snows  the  effect;  of  the  exposures  nn  the  tensile  | 

strength  and  elongation  of  the  welded  specimens.  As  Is  evident, 
the  strength  ,of  both  the  .005"  and  .010*  sheet,  plain- and  welded, 
was  increased,  substantially  by  the  exposures.  The  precise  effect 
of  the  hejitlr^g  on  the  elongation  was  indeterminate.  c 

As  shown  In  the  tables,  more  weld-zone  freaks  occurred  in  Specimens  ‘ 
which  hadfbe^n  heated  to^OO  F  than  in  those  not  so  heated.  However* 
the  tensile  strength  of  nearly  all  the  welded-and-heated  specimens  5 
was  substantially  in  excess  of  200  ksi.  Also,  as  a  rule,  specimens  > 
which  failed  in  the  weld, zonfe  exhibited^ appreciably  lower  elongation 
than  thosp  which  broke  elsewhere  in  the?  parent  metal. z"  Weljd-area 
breakd  hepe  are  not  to  bfc  cohs trued  as  having  occurred  in  the  ; 

weld  but  rather  occurred^  in  the  heat-affected  zone  oljpse  to  it. 

In  general,  £he  values  for  tfie  tensile  yield  and  ultimate  strength  !j . 
of  the  unfrel4ed  specimen^  were  in  rather  good  agreement  with  the  r 
values  of t the  corresponding  welded  specimens.  Figured  for.  the 


e  doubtful 


elongation  of  some  unwelded  specimens,  ,,010"  thick,  af*e  doubtful 
due  to  damage  caused  by  $lan$)ing  them  in  contact  with*  welded 
specimens™ for  machining.  The  elongation  values  for  the  unwelded 
speoimensL  .905"  thiok,  £re  jLn  reasonable  agreement  With  those 
of  the  we^.de^  specimens.-  j  \  ■ 
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CONCLUSIONS;'  ITEMS  K,  L 

Tests  on  117-TPH  steel  at  el« 
modulus  df  elasticity  In  ter 
pal  at  1Q00  P  to  7.6  milllor 
Strength  jfel^L  from  about  10< 
the  ultimate  strengths  at'  th 
ksi,  respectively;  and  the  € 
The  extensions  under  loading 
shown  by  the  graphs  of  Figui 

\ 

Tests  haye  demonstrated  tha 
strengthiof  JL7-7PH  steel  in 
substantially  by  heating  foi 
This  applies-  to  both  unweldi 
and  .010"  thick.  The  resul 
fairly  well  with  those  for 
The  values  for  the  elongatli 
to  warrant  drawing  any  cjefli 


vated  temperatures  have  shovm  that  the 
sion  decreases  from  about  14  million 
ps 1  at  1825  F.  The  tensile  yield 
9  ksi  at  1650  F  to  6.1  ksi  at  1850  P; 
ese  temperatures  were  17.1  and  10.5 
longations „were  76  and  44  percent. 

in  short-time  creep  are  well 
es  IK-3  to  IK-6. 

* 

;  the  tensile  yield  and  ultimate 
the  TH  1050  condition  are  Increased 
'  100  and  300  hours  in  air  at  700  F. 
d  and  butt-welded  specimens,  -»O05" 

3  for  the  unwelded  specimens  agreed 
he  corresponding  welded  specimens, 
n  were  not  sufficiently  consistent 
ite  conclusions. 
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WELDINO 

ITEM  M  -  WELDED  EDOE  MEMBERS  OF  PANELS  IN  17-7PH  STEEL 

Two  investigations  were  carried  out  to  determine  the  effect  of 
welding  on  the  strength  of  lf-7PH  steel-  in  the  TH  1050  condition. 
This  work  was  done  in  the  latter  part  of  1958  and  in  the  spring 
of  1959.  The  investigation  of  1958  comprised  the  evaluation 
of  butt-welded  Joints  on  the.  basis  of  tensile  and  fatigue  tests. 
In  the  work  of  1959,  the  purpose  was  to  appraise  the  feasibility 
of  welding  as  a  method  of  sealing  the  corner  Joints  of  sand¬ 
wich  panels.  (  j  c 

1  •  *  < 

Referring,  f  i£st  to  the  investigation  of.  1958,  flat  portions  of 

edge-member  assemblies  were  butt  welded  as  shown  in  the  inset 
sketch  of  Figure  IM-1.  The  besults  of  tensile  and  axial  tension- 
tension  fatigue  tests  on  specimens  of  such  weldB  are  given  in 
Table  IM-I.  These  results  snow  that  the  welds  have  tensile 
strength  equivalent  to  17-7PH  steel  in  the  annealed  condition. 

The  elongation  of  the  welded!  specimens  was  slightly  higher  than 


that  of  tfie  steel  in  the j  TH  (1050  condition.  Figure  IM-1  shows 
a  typical-  stress-strain  curvje  for  the  butt-welded  specimens. 

The  number  o£  fatigue  specimens  tested  pere  too  few  in,  number 
to  establ^sh^n  S-N  curvp,  bjat  did  indicate  a  relatively  fyigh  ^ 

strength  wheg  compared  tp  the  yield  strength  of  the  Joint, 

For  the  investigation  of'  195^>  four  welked  Z  members  were  supplied 
by  the  SOjLar ^ Aircraft  Company.  The  vertical  sections,  of  these 
members  had  been  welded  by  the  tungsten  inert  gas  method..  As  filler? 
materials- the  commercial  alloys  6832,  17-7PH,  L-605,  and  I32E 
were  usedC  The  nominal  composition  of  the  first  is  nfct  known. 
Following'  ard  the  compositions  of  the  other  three  alleys:  ~ 

<  3  si  ‘  1  1  l 

i  1  j  <  .  ; 

_  .  Alloy  ;  _ . _ _ _ ,  Composition  %, _ L _ _ _  ? 


17-7fH  i 

1  : 

L-6oh  ) 
\  § 
132E|  3 


16-18  Cr#!  6. 5-7.5  Ni,  .^5-1*5  Al, 
.09  C  pax.  ' 

,  50  C0,  20,  Cr,  15  W,  10  jii,  V51Pe, 
ti  .10  C  1  > 


68  Mn,  IS,  Co,  16  Ni 


\  f 


For  the  purpose  of  evaluating  the  welddh  Joints,  the  JCnoop 
hardness  was "measured  inn  thej  welds  and  outward  for  a  distance 
into  the  parent  metal.  Tables  IM-II  and  IM-III  list  the  valueB 
obtained/  Tfte  data  are  piotjted  in  Figure'  IM-2.  Photomicrographs 
of  the  four  iamples  are  showti  in  Figurei  IM-3*  Figures  IM-3 
indicates'  th*t  the  sample  welded  with  tihe  L-605  filler  alloy  was 
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the  hardest,  i.e.,  had  the  1 
to  the  wetld,  and  the  parent 
shortest  distance  away  from 
132E  and  17-7PH  alloys  had  « 
In  the  sample  where  17-7PH  £ 
the  heat  affected  zone  exter 
weld.  The  6832  alloy  as  fi] 
strength^  both  in  and  adjac« 


ighest  strength.  This  was  true  as 
material  was  affected  for  the 
the  weld.  Joints  made  with  the 
quivalent  strength  in  the  welds, 
teel  was  used  as  the  filler  metal, 
ded  a  greater  distance  from  the 
ler  material  gave  still  lower 
nt  to  the  Welded  joint. 


i 

1 

i 

1  ! 
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Investigations  were  carried  >ut  to  determine  the  tensile  properties  , 
of  two  steels  of  the  stainless,  precipitation  hardening  type.  These 
were:  AM  350,  produced  by  tie  Allegheny  Ludlum  Steel  Corporation, 
and  Stainless  W,  produced  by  the  United  States  Steel  Corporation. 

The  results  of  these  investigations  are  given  below,  under  Items 
N  and  0. 

ITEM  N  -  EVALUATION  STUDY  OF  AM  350  STEEL 


Tensile  tfests  and  measurements  of  changes  in  dimensions  were  made  : 
on  specimens vof  AM  350  steel,  heat  treated  according  to  different 
procedure® .  rThe  specimens  wsre  in  the  form  of  sheet  \ 005"-  thick. 

This  work  was  performed  in  1356.  The  objeot  was  to  provide  data 
for  the  preliminary  evaluation  of  the  steel  with  regard  to  its 
possible  use  as  an  alternate  structural  material  for  brazed 
sandwich  panels. 


The  te3t  results  are  givjn  i 
the  heat  pre^tments  employed 
treating  procedures  are  show 
The  temperature  of  1850  F  in 
temperature  £or  some  filler 
of  three  treatments  on  tne  t 
the  material  in  the  as-recei 
tensile  properties  suggest  t 
at  about  3.60&  F.  Table  -IN- 1 
changes  caused  by  the  vapio 
lng  at  -lpO  $  and  after  pubs 

Table  W-l  slaows  that  the  va 
slight  with  heat  treatments 
of  the  holding  time  at  lp50 
two  similar  treatments  gpve 
treatment.  II, gave  values  fo 
strength  ifhleh  were  margins 
FZS-4-046^  ^  j 

Figure  INj-1  Ihows  a  graphic 
ultimate  Strengths  together 
the  various  treatments.  -Th 
of  Table  IN-|  were  omitted 
strengths-  were  low.  In  £h 
850  F  as  contrasted  with.  75 
IN-1,  IteJns  §  and  5  are  And 
small  diiferences  in  valUes 


Tables  INj-I  and]N-II  together  with 
In  Table1  IN-I,  three  bpsio  heat- 
with  certain  variations  for  .each, 
all  three  Corresponds  to  p  brazing 
Hoys.  Table  IN-II  show^  the  effects 
nsile  properties.  Referring  to 
ed  condition,  designated  as  0,  the 
at  the  Bteel  had  been  annealed 
includes  figures  for  the  dimensional 
treatment^,  as  measured}  after  hold- 
quent  aging.  »  'T 

1  1  t 

iation  of  tensile  properties  -was 
and  III.  1  Likewise,  the  effect 
was  small!  (H.T.  -  III).'  Tht>se 
esirable  tensile  properties.  ,  Heat 
the  tensile  yield  and  ultimate 
with  respect  to  Convair  Specification 


comparison  of  the  tensile  yield  and 
1th  the  elpngations  resulting  from 
values  for^  the  type  II  tyteat  treatment 
plotting  ,the  figure  be qfeuse  the 
treatment  ,the  aging  temperature  was 
F  for  types  I  and  III.  £n  Figure 
ated  as  averages.  Because  of  the 
s  affeoted|  by  variation*  in  heat 
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treatment#  I  and  III,  averages  of  the  average  results  were  plotted. 


The  dimensional  measurements 
mens  exhibited  growth  after 
ed  by  a  slight  contraction  01 
was  growth.  This  may  be  noti 
last  and  second-to-last  coluj 
specimens' listed,  there  were 
change  size  (*n  aging,  and  sp 
all  average  growth  for  the 
steel.  This -refers  to  a-com 
sheet  with  a  variety  of  heat 


showed  that  the  AM  350  steel  speci- 
;reatment  through  the  -100  F  step  follow- 
i  subsequent  aging.  The  over-all  change 
id  by  comparing  the  figures  in  the 
ins  of  Table  IN-II.  For  the  twelve 
two  exceptions.  Specimen  10  did  not 
icimen  11  grew  a  little,  >  The  over- 
I  350  steel  was  49#  that  of  17-7PH 
iarison  of  results  for  .003"  thick 
treatments  for  both  steels. 


s  1 
t  ! 
3  i 


2  l 
fi  » 
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b.’  9$0  F  for  90  minutes 
j  c.j  1000  F  for  90  minutes 

d. '  1650  F  for  90  minutes 

e. ‘  1100  F  for  90  minutes 

[  The  partlctalaj’  heat  treatment^  used 
of  teat  d^ta.K  j 


are  shown  in  the  tfeblea 

) 


Table  I0-I- gives  the  results  »f  tensile  -tests  on  ,005'L  and -.008" 
thick  sheet  with  and  without  jthe  1400  F  Btep,  stabilized  at  three 
different  temperatures,  and  aged  at  1050  F.  Table  IO-II  gives 
the  same  information  for  .0l4f"  sheet.  This  table  alBO  gives 
the  results  of  tensile  teBts  on  sheet  in  the  three  thicknesses, 
without  the  1400  F  step,  stabilized  at  -20  F,  and  aged  at  950  F. 

On  the  whole,; the  transformation  temperature  gave  no  invariable 
pattern  of  effects  on  the  tensile  properties.  However,  for  the 
.005"  sheet  with  the  140Q  F  sdtep,  the  tensile  yield  and  ultimate 
strengths  increased  noticeably  as  this  temperature  was'  lowered 
from  0  to  -50^F.  Also,  for  the  .014"  sheet,  with  the  same  treat¬ 
ment,  the  elongation  decreased  appreciably.  On  the  other  hand, 
the  use  of  th^  1400  F  step  increased  both  strengths  to  some  extent 
in  nearly  all  instances  and  reduced  the  elongation.  r 


o 


'*  The  specimens  aged  at  950  F  were  previously  furnace  copied  _from 

1650  F  to  Jrooii  temperature  and  then  transformed  at  -2QF.  Ab  compared* 
with  specimen^  aged  at  10^0  F,  which  otherwise  had  the  isame  .treat-  * 
ment,  those  a$ed  at  950  F'had!  somewhat  higher  tensile  .yield  and  \ 
ultimate  strengths  but  loper  elongation.,'  ■  '  ? 


Table  10- ill  gives  the  results  of  tensile  tests  on  .01,4"  shjeet, 
transformed  a|  three  subzero  jtemperature.s  and  aged  at  j900,  jlOOO, 
and  1100  F*.  All  the  specimens  were  air  cooled  from  I050  F  to 
room  temperature  before  transforming.  Figure  10-1  is  a  bai[ 
chart  showingjthe  test  values!  for  the  tensile  strength;  and  elonga¬ 
tion  plotted  in  graphlcal|  form.  ^  „  ; 

As  may  be  noted  from  the  |lata|  both  the  Strengths  decreased  with 
increasing,  aging  temperature.1'  The  elongation  decrease^  as  , the 
aging  temperature  was  Increased  from  900]  to  1000  F  anc(  then 
Increased  with  further  increase  to  1100  f.  With  one  exception, 
the  averagi  elongation  values]  were  above  the  specified'  minimum 
of  4.5#.  yhe*effect  of  tfte  transformation  temperature^  on  the 
properties}  wa<  indeterminate  Maximum  tpnsile  properties  *(ere 
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SECTION  II 

CORROSION  AND  OXIPATIONi 

Several  investigations  rela  ;ing  to  the  corrosion  or  oxidation  of 
brazed  sandwich  panels  in  1"-7PH  stainless  steel  have  been  carried 
out.  Two  reports  (FTDM-227<>  and  FTDM-2355)  on  oxidation  have 
been  published.  Abstracts  6f  these  are  given  in  the  Biblio-  ; 

graphy.  The  unpublished  renults  of  investigations  la  thin 
general  field  have  been  reported  either  by  memorandat or  verbally. 
Summaries  of^  these  are  preseated  here.  i< 

ITEM  A  -  - IDENTIFICATION -OF  CORROSION  PRODUCT  ON  PANELS  BRAZED 

wi^r'sTm^’-MAFCAWGi';  msy - - - 

Some  time  after  17-7PH  steel  panels  brazed  with  the  85*15 
silver-manganese  alloy  had  been  placed  in  service  on  the  B-58 
airplane,  routine  inspection  revealed  isolated  localities  in  the 
panels  wtoere  corrosion  had  Occurred.  These  localities  were 
subject  to  failure  during  flash  testing  at  600  --650  F.* 

>i  r 

An  investigation  was  made  early  in  1957  with  the  object  of 
identifying  the  corrosion  p;*oductB  in  the  panelB.  TJnls 
comprize^  mqtallographlo  ex  tminatlon  apd  the  use  of  £-ray,  methods* 
As  a  result*  regions  of^hlgi  manganese- were  found  on^  the  pteel 
surfaces ^  ( ;  ,  s 

Figure  IIA-1  shows  a  dark  etching  constituent  at  the*  core^-alloy 
and  steel-alloy  interfaces. (  The  constituent  was  ideptified 
as  manganese  or  a  manganese ; compound  by  X-ray  fluorescence.  This 
technique  aljco  showed  that  the  manganese  indication  ©n  the  exterior 
side  of  the  ipanel  skin  ^as  iiuch  lower  than  that  on  the  brazed 
side.  The  significance  -  of  ;hls  is  emphasized  by  the  fact  that 
all  the  brazing  alloy  w$s  d  .ssolved  off  the  skin  spef imeq  before 
the  X-ray  fluorescence  run.  Conjointly,  the  metallographjlc  and 
X-ray  fluorescence  examinat  .on  showed  $hat  manganesejfrom  the 
brazing  pllqy  had  diffused  into  the  stfel  during  braying.. 

X-ray  diffraction  patterns  obtained  fr&m  the  corrosion  product 
found  lnjth^  panels  lnd^catfd  the  presence  of  Ag,  MngOi*,  ,and  Cr203. 

(  1  i  ?  \ 
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ITEM  B  -  FAILURE  ANALYSIS  QF  INBOARD  E  LEVON  WEPQE,  RO-93 


Metallog|raphtc  analysis  was 
an  elevoh  wedge  that  fallec 
of  the  original  panels  bn  E 
the  first  acceptable  wedge 
Corporation;  The  panel  mat 
brazing  alloy  was  85:15  sil 

Specimen^  were  removed  from 
for  metallographic  analysis 
crevice  foryoslon  had  occur 
alloy  and  the  steel.  This 
slight  in  others. 


made  in  Jape  1957  of  specimens  from: 
in  flash  test.  This  wedge  was  on«  !' 
-58  airplane  No.  1.  It  was  one  of  1 
sanels  brazed  by  the  Rohr  Aircraft  ; 
:rial  was  17-7PH  steel,  and  the 
/er-manganese . 

various  areas  of  the  failed  panel 
,  The  examination  disclosed  that 
’ed  at  interfaces  of  the  grazing  l 
/as  severe  An  some  locations  and 


p 
»•  ' 

!'  ■  ,,  H  ' 

||T  1 


‘..1  y  i  • 
' :V 


i  *!  ' 


Photomicrographs  were  taken!  to  3how  typical  conditions  in 
different  areas.  Figure  II|3-I  is  a  photomicrograph  at  a  region 
that  failed  in  flash  testing.  Figure  JIB-2  was  taken  at  an  area 
that  was.  notj  flash  tested.  i  As  may  be  noted  in  both  figures, 
the  core  is 'entirely  separated  from  the  fillet  of  brazing  alloy. 
Crevice  corif03lon  had  penetrated  along,  the  interface,  between 
the  stee)).  core  and  the  brazing  alloy  causing  complete  separation, 
Figure  IJB-3  shows  an  aipea  f/here  the  fj.Het  is  intacjt  although 
free  from  bqth  the  skin, and. core.  ,  .  . 
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ITEM  C  -!  CREVICE  CORROSION  [N  STAINLESS  STEEL  SANDWICH  PANELS 
•  feftAzED'  WiTH  SILVER -MANGANESE  AllCy  :  * 


Early  In,  1959*  metallograpl 
specimens  taken  from  eight? 
been  brazed .with  85»,15  sil\ 
ial  was  I7-7PH  stainless  si 
B-58  airplane  No.  4.  Altbj 
examined.  The  object  was  1 
corrosion,  if  any. 

All  the  specimens  showed  a 
alloy-steel.  Interfaces ..  Tfr 
susceptible  to  crevice  cori 
when  the  85s 15  sllver-mang£ 


Lc  examination  was  made  of  plug 
»n  flat  sandwich  panels  which  had 
sr-manganese  alloy.  The  panel  mater¬ 
iel  .  These'  panels  had  be*ten  removed  from 
ither,  nineteen  specimens  were 
o  determine  the  presence  ^of  crevice 

*  i'  l 

manganese -rich  layer  at  £he  brazing 
Is  indicate^  that  the  panels  were 
03 ion  of  th‘e  type  previously  dbserved 
Inese  alloy  was  used  for  brazing. 


Of  the  nineteen  sections  examined,  three  exhibited  orevice 
corrosion.  The  others  werd  classified  as  not  corroded. 

The  results^  of  thi3  investigation  indicated  that  preliminary 
evidence  of*  crevice  corrosion  can  sometimes  be  found,  by 
metallographlc  examination,  prior  to  failure  of  pan^slB  bpazed 
with  thq  sl^Lver-manganefcse  q^lcy*  The  ,fact  that  crevice  corrosion 
may  not  .be  detected  by  [suctt  examinatiqn  does  not  rule  oujt  the 
possibility^  of  its  pre^encd.  *  ii  t 

i  *  'i  i  i 

1  I  1  '  », 
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ITEM  D  -  METALLOQRAPHIC  PET lRMINATION  OF  CREVICE  CORROSION 

£  BRAZED  PANELS  FROM  2ZLJEU 


IN  SILVER -MANOANE 


■jT* 


A  memorandum  issued  In  April  1959  gave  a  summary  concerning  the 
background  of  the  crevice  cprrosion  problem  in  17-7PH  steel 
panels  brazed  with  the  85*15  silver-manganese  alloy.  The  results 
of  metallographic  examination  of  86  specimens  representing  85 
panels  from  B-58  airplane  #4  were  also  reported. 

R 

The  85 *  15  silver-manganese  itlloy  was  adopted  before  information 
on  its  resistance  to  corrosion  was  available.  On  tept,  1<7-7PH 
steel  pai^el^  brazed  with  this  alloy  were  found  to  fa^il  in  less 
than  50  houijs  in  standard  s&lt  spray.  Failures  were,  al3o_ 
observed. On  .exposure  of  .such  panels  to.  air  atmospheres  ofl  high 
humidity.  '  All  the  failures; occurred  by  separation  of  the 
brazing  alloy  from  the  steel  at  the  interface. 

The  sterling  silver  0.2$  lithium  alloy  was  adopted  to  replace 
the  silver-njanganese  composition.  However,  some  of  £he  panels 
brazed  with -the  latter  ^lloy  before  th£  change  were  4cept -in 
service.  A -metallographic  test  program  was  started  vlth  the 
object  of  providing  addftlopal  information  as  to  the^  service¬ 
ability  of  $hese  panels;  together  with  flash  testing*  Met,allo- 
graphlc  examination  was£ made  of  plug  specimens  removed  from 
panels  taken  from  airplane  \lk .  Each  specimen  was  classified 
in  accordance  with  the  jdegrpe  of  corroBion.  Of  86  specimens, 
five  showed  definite  indications  of  crevice  corrosion.  Nine 
were  found  with  less  evidence  of  crevice  corrosion,  jmd  6,7  showed 
no  evidence \  Five  specimen^  had  no  fiflet,  and  thesp  were  not 

1  i  1  til 


classified. , 

ii  * 

Attention  1^  invited  to'thejfact  that  the  me tallographic ‘examina¬ 
tion  of  a  srjiall  sample  $oes.  not  insurer  that  a  panel  f.s  gcjod  even 
though  cprrgslon  is  not3found.  Also,  jthe  location  of  where 
corrosion  may  occur  can  not1  be  predicted.  Crevice  corrosion 
can  causy  failure  on  onf  sk<Ln  of  a  panel  and  not  be  present  on 
the  oppopit^j  skin. 

i  - 


* 


I 


i1 

1  \  1 

♦See  Supplemental  Sheet  S-l. 
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In  the  summer  of  1958,  oxidation  of.  fillets  of  the  standard  silver- 
copper-lithium  alloy  in  braaed  17-7PH  steel  panels  was  observed 
after  the  parts  had  been  exgosed  in  air  at  temperatures  above 
550  F.  The  presence  of  cupric  oxide  was  determined  by  X-ray 
diffraction  patterns  of  fillet  material. 

In  1959» ^specimens  cut  fromja  brazed  sandwich  panel  were  exposed 
in  air  for  different  time3  up  to  300  hours  at  700  F.e  Edge 
compression  find  shear  beam  ^ests  were  performed  on  these  specimens.  _ 
These  tests  phowed  that,  giyen  adequate  fillets,  the>oxid&tlon  1 

does  not -significantly  decrease  the  strength  for  exposures  up 
to  300  hours  at  700  F.  Thejresults  of  this  investigation  have 
been  published  (Reference  F'J’DM-2355)  • 

Metallographic  examination  fas  made  of  fillets  oxidized  in  air 
for  various  .times  at  temperatures  up  to  800  F  after  aging  in 
air  for  90  minutes  at  1050  F.  This  examination  indicated*  that 
the  extent  01  oxidation -increased  with  both  time  and  temperature 
of  exposure.]  Also,  porgsity  in  the  fillet  caused  thf  dep£h  of 
attack  tip  be,  uneven  in  many  .specimens .  $  3  « 

*  ]  [  }  *  *  t 

Figure  IIE-1,  is  a  photomicrograph  of  a^sample  which  £ad  bfen 
exposed  £or  p.00  hours  in  al^  at  700  F  £fter  aging. 
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:TEM  P  -  CONCLUSIONS  FOR  ITEMS  A,  B,  C.  D,  E 


The  conclusions  drawn  from  the  investigations  on  corrosion  and 
oxidation  of  brazed  sandwich  panels  are  given  below. 

i 

The  85:15  silver-manganese  Alloy  13  not  suitable  for  brazing 
17-7PH  steel  panels.'  Crevice  corrosion  occurs  at  the  brazing 
alloy-steel  interface  and  ciuses  separation.  The  corrosion 
product  is  a  mixture  of  manganese  oxide,  Mn^Oii,  and  chromium 
oxide,  CH2O3.  On  test,  17-7PH  steel  panels  brazed  with  this 
alloy  were  round  to  fail  in (less  than  50  hours  in  standard  salt 
spray.  ^alLpres  also  occurred  on  exposure  of  such  p4nel3- to 
air  atmospheres  of  high  humidity.  * 


Metallographic  examination  df  numerous  specimens  removed  from 
17-7PH  steel  panels  brazed  with  the  851 15  silver-manganese 
alloy  has  disclosed  the  presence  of  crevice  corrosion.  The  ex¬ 
tent  ranged  from  slight  to  Severe.  Metallographic  examination 
does  not  insure  that  a  Dane!  is  free  from  corrosion  even  though 
no  evidence  ds  found.  The  location  of ‘where  corrosion  may 
occur  cai)  not  be  predicted.  {  ,  r  r 

1  1  \  ; 

The  sterling  silver  0.2J&  lithium  alloy 'was  adopted  for  brazing 
in  place  :of  the  sllver-mangAnese  alloy  Brazements  with  the 
former  alloy  have  not  b hen  Observed  to^develop  crevice  corrosion. 
However,  ^they  undergo  o^ldaflion  in  alrjat  temperatures  abpve 
550  F.  ^ests  have  shown  that  the  oxidation  does  not  appreciably 
impair  the  strength  in  edge jcompressiori  or  shear  beam  loading 
after  expjosu^es  in  air  at  F  up  to  jOO  hours  (Reference 

ftdh-235^).  ,,  .  j  1  i 

>  0  J  A 

On  the  b^sisl  of  tests,  sandwich  panels  .brazed  with  the  silver- 

copper- lithium  alloy  incorporated  in  iron  sponge  have  unsatis¬ 
factory  resistance  to  salt  |pray  and  tq  elevated  temperature 
in  air  (ifefepence  FTDM-2270I.  ,  •  t 
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BRAZING  ALLOYS: 

A  number  of  investigations  jn  the  evaluation  of  alloys  for  braz¬ 
ing  17-7PH  steel  sandwich  pmels  has  bpen  carried  out.  Most  of 
the  results  ; have  been  published  in  a  series  of  reports.  These 
are  listed  in  the  Bibliograihy  (references  POT-1153#  MR  54-5# 
FGT-1363#  POT-1362-1,  FQT-2D88,  FTDM-2270,  and  FTDM-2355). 

The  results  of  several  othej?  studies  on  brazing  alloys  have  not 
been  published  but  havd  bee  i  reported  in  memoranda  of  otherwise. 
Summaries  of  these  are  give  \  here.  *  < 

it  1  a  . 

ITEM  0  -  EVALUATION  OF  SILVER -COP PER -LITHIUM  ALLOY  1  >. 


In  the  Spring  of  1957#  the  'act  was  recognized  that  the  85:15 
silver-manganese  alloy  was  msuitable  for  use  in  brazing  17-7PH 
steel  sandwich  panels  because  of  its  poor  resistance  to 
corrosion.  Preliminary  tests  were  made  with  a  silver-copper  alloy 
(sterling  silver)  containing  a  small  amount  of  lithium.  The 
results  were  promising.  Th;  Engineering  Metallurgical  Laboratory 
was  then  asked  to  condupt  at  investigation  for  the  purpose  of 


(sterling  silver)  containl 
results  were  promising.  T 
was  then  asked  to  condupt 


evaluating  qilver-coppep-li thium  brazipg  alloys.  Tebts  vjere 
carried  cut  to  determinp  th s  following^  Resistance  to  salt 
spray,  effect  of  lithlujn  coitent,  strepgth  of  lap-shear  .Joints, 
and  optimum jbrazlng  tempera  jure.  Also*  general  metailog^aphic 
examination  of  brazements  w  is  made.  Tne  results  of  this  work 
are  presented  here .  r  ,  1 


»o*  general  meta«J..iogiyapnic 
Tne  results  of  this  work 


It  ‘  1$  i  i 

The  nomipal  ^composition jOf  sterling  silver  is  92.5:7>5  silver-  1 
copper.  Brazing  and  other  jests  were  performed  witty  this  alloy  | 
to  which^O.I,  0.2,  and  9.5#  lithium  had  been  added,  >,  Brazements  ; 
of  17-7PH  steel  with  these  jhree  compositions  were  satisfactory  L 
and  had  similar  charact^rls  jics .  The  plloy  containing  0^2#  lithiuraV 
was  recommended  in  placp  of  the  85:15  pilver-manganese  alloy  for  I 
U3e  in  bpazing  production  pinels.  The,  sterling  silver  composition J 
contalnipg  0.2#  lithium' see  ned  a  littlp  more  likely  to  give  ft 

consistent  wetting  thanjthe  0.1#  alloy-  A  content  of  0.5#  f 

lithium  pppsared  to  be  unne  :eBBarily  hfgh.  ,  t  J 

Figures  IIG-jl  and  IIG-2  are  photomicrographs  at  fillets  niade  by  f 
brazing  I7-7PH  steel  wl  jh  tie  sterling'silver  0.2#  lithiijm  alloy.  I 
The  first  shows  an  as-b  *aze  l  Joint,  anfa  the  second  sjiows  ra  Joint  I 
after  exposure  of  69  ho  irs  jo  salt  sprpy.  As  may  be^notad,  there  f 
is  no  evidence  of  corrosion  by  the  Salt  spray.  By  contrast,  f 

similar  joints  brazed  with  the  85:15  silver-manganese  alloy  fell  f 
apart  after '50  hours  exposure.  *  ;  1 

l  1  ')  *  i 

?  :  !  «•  «  '•  •  •  •  | 
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A  few  experiments  were  m^de 
with  sterling  silver  as  the 
wet  17-7P&  stjeel  poorly  And 
1b  a  photdgrajph  of  a  cord- to 
with  sterling  silver  flurted 


4n  the  use  bf  borax  as  a  flux 
grazing  allby.  This  combination 
ormed  uneven  fillets.  Figure  II0-3 
skin  joint  in  this  steel  brazed 
fith  borax. 


Figure  IIQ-4  shows  double  la  i-shear  strengths  of  brazements  as 
affected  by  temperature.  Fo  •  the  test  Apecimens,  17-7PH  steel 
sheet  stock  Was  brazed  with  ;hree  different  alloys.  These 
were  sterling  silver  plus  0.;>$  lithium, ! fluxed  with  borax; 

85:15  s liber-manganese  alloy  fluxed  with  borax;  and  $5«15" 
silver-manganese  alloy  plus  >.5#  lithiurii.  The  sterling  silver 
base  allof  held  higher  shear  itrength  at  room  temperature  than  the  ^ 
other  two,  however,  it  had  .ower  strength  than  the  Bilver -manganese, 
compositions  at  temperatures  in  the  range  of  about  300  to  900  F. 


Tests  were  made  to  determine  whether  copper  in  the  sterling 
silver  0.2$  lithium  Alloy  would  diffuse  into  17-7PH  steel  at  the 
recommended  grazing  temperature.  Figure  IIQ-5  may  bej noted 
in  thiB  connection.  It  |s  a  photomicrograph  which  shows  an 
area  of  a-.Tee  Joint  in  17-7P  i  steel  brazed  with  the  sterling 
silver  alloy ^  Knoop  harones  1  determinations  were  made  in  ,the 
Joint  are£.  -These  values  wefe  converted  to  Rockwell  numbers. 

The  hardness ’in  the  steel  sections  of  the  Tee  was  38.3  RC.  It 
was  47.5  §3  in  the  brazing  a|.loy  not  close  to  a  s tee  1(  interface, 
and  near  an  Interface  it  was  65.5  Rr.  In  the  steel  c^Lose 
to  an  interface  with  the  (bracing  alloy, t the  hardness  jras  43.7 
RC..  This;  showed  a  small  jincfease  over  the  value  38.3c  RC. 

No  definite  evidence  indicated  that  copper  had  diffused  from 
the  brazing  alloy  into  t£e  s;eel.  The  converted  harcmess  [values 
are  givenjj  at  phe  right  of  Figure  IIQ-5.  ^  3 

Figure  II$-6  'shows  the  mjoroitructure  of  the  sterllngc  silver  0.2$ 
lithium  alloy  as  brazed  in  a  small  panel.  This  structure  is 
the  result  of  slow  coolipg  wiere  the  silver-rich  phasps  freeze first 
followed  by  dopper-rich  phasis,  with  the  latter  surrounding  the 
silver  arpa8|  I  i  ' 

it  t  t  q 

Voids  can.be  {formed  by  t|e  s  irlnkage  of s the  brazing  alloy  pn 
freezing.!  An  example  of ]shr|.nkage  cavipies  is  shown  jLn  Figure  IIQ-7V 
The  relatively  long  solleif itatlon  range  of  the  alloyt  contributes 
to  the  moptldd  appearance  * sh  >wn  in  Figure  II0-8.  Work  on  the  85:15  ^ 
silver -maftgane s e  alloy  showe  i  that  lithium  additions  are  tjhe 
major  caufe  of  these  voids  wien  slow  cooling  rates  are  encountered. 
of  contamination  jresent  inside  the  panel  package 
influences  the  de  ;ree  of  the  mottled  condition. 


The  amoun 
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Incidentally,  sterling  sl^ 
0.5#  lit&ium  all  gave  mott] 
In  Figurie  IiO-8. 

!  *  i 
The  optunum  brazing  temper* 

lithium  ialloy  was  determln* 
to-skin  sections  at  various 
were  1600,  1620,  1630,  164( 
temperature  was  chosen  as  ] 
showing  ^evidence  of  good  n< 


r  alloys  containing  0.1,  0.2,  and 
d  brazes  similar  to  the  appearance 


ture  for  ttye  sterling  silver  0.2# 
d  by  brazing  1"  x  1"  17-7PH  core- 
temperatures .  These  temperatures 
,  1650,  and  1785  F.  The  optimum 
630  F  because  this  was  the  lowest 
de  flow.  '* 
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ITEM  H  -  OPTIMUM  BRAZING  TEMPERATURE  OF  NICKEL  SPONOE  ALLOY  I 


ap 


The  material  referred  to 
position  developed  by  the 
excessive  brazing  alloy  fl 
17-7PH  steel  during  brazing 
contained  approximately  5 
silver  plus  0.2#  lithium. 


nickel  sponge  alloy  is  a  special  oom- 
handy  and  Harman  Corporation  to  reduce. 
]>w  in  curved  sandwich  panels  in 

A  composition  supplied  for  test 
nickel  sponge  and  50#  sterling 
Other  ratios  may  be  prepared. 


:  01 

’  ,  ; 

■ 

:  *  4 
-  , 

.  7v\ 


determine  the  optimum  temperature 
Lth  the  nickel  sponge  material,.  A 
12"  was  used  for  this  purpose..  It 
iteel  retort  without  fixtures-  The 
retort  was  used  to  malntai  i  an  even  temperature  between  the 
top  and  bottom  skin3  of  th  •  panel  during  brazing.  Six  thermo¬ 
couples  were  spaced  at  2"  .ntervals  along  the  long  axis  of  the 
leaving  the  funace  door  partly  open,  a  temperature 
to  1840  P  was  obtained  along  the  axis  of 
N  <  ( 


An  experiment  was  made  to 
for  brazing  17 -7 PH  steel  wi 
sandwich  pjjnel  l/2"  x  3"  x| 
was  brazed  .in  a  stainless 


panel.  By 
gradient  of  1640  F 
the  panel.  s 


Examination  of  the  brazed  panel  showed  that  poor  brazes  yte re 

- 5  -  *  *  ‘  above  1800  F  seemed 

size  of<  the  .top 
.b« 


alnep  below  1^00  F,»whIILe  temperatures  a 
produce jsmall  top  fillets.  Based  pn  the 


*■ 
n  ■ 


£ 

f; 

i 

l 


■i 
»*■ 
■v  ' 


obtalne 
to 


fillets,  obtained,  the  pptlnum  brazing,  range  appeared  to.be 
1725  to.  1775  P.  Figure  IH-I  Bhows  top  fillets  forced  on 
brazing  at }1725  F.  Figure  IIH-2  shows  the  distribution  of 
nickel  In  a  Joint  brazed  at  the  same  temperature.  A  continuous 
■  *  *  ‘  '  *  -  -  *  ‘'orrned.  The  effeot  of  nickel  .diffusion 

jfl  is  givenj  in  Section  IlJ  Item  M, 

* ‘  i 


nlckel-ftegl  Interface  is 
on  the  strength  of  the  „s  tel 
Figure  jlIMfl. 
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ITEM  I  i*  OPTIMUM  BRAZINO  TEMPERATURES  OF  TRI-METAL  ALLOYS: 


brfe 


The  so-called  tri-metal 
■aMvt*Mfi,>.layar  sandwiched  be 
silver  6.2$  lithium  alloy, 
appropriate  term.  The  tri 
wi(th  the  object  of  decrees 

About  mid-1958j  tests  were 
mine  their  minimum  brazing 
tions  of  the  alloys  tested 
designations  indicate  the 
layers  In  ^ach  foil  sandwl 

to  determine  the 

were  brazed 
materials.  The  temperature 
by  leaving  the  furnace  doo:1 

.  >  i 

The  temperature  range  in 
1630  to;  1830  F.  Small  (fill- 
increased  J^n  size  withjinc 
Temperatures  above  169$  F 
The  minimum  suitable  brazifc 


zing  alloys  consist  of  a  pure  silver 

ween  layers  of  _ , _ 

Perhaps,  tri-layer  is  a  more 
metal  brazing  materials  were  devised 
ng  alloy  flow  in  contoured  panels. 

made  on  three  tri-metal  alloys,  t,b  deter* 
temperatures.  The  specific  designa- 
were  1-3-1 ,  1-4-1,  and  1-6-1 ^  These 
elative  thicknesses  of  the  three 

h-  .  ; 

grazing  temperatures,  three  panels 

each  with  one  of  the  tri-metal 
was  varied  over  the  panel  length 
partly  open,  as  described  in  Item  H. 


bl¬ 


azing  with' the  1-3-1 
etB  were  fprmed  at  1650  F.  These 
easing  temperature  to  l6jp0  F.,, 
produced  no^ apparent  change  in  size, 
g  temperature  was  1680  Fr  , 

The  temperature  range  In  blazing  with" the  1-4-1  foil  wab' from 
1590  to 1 1800  F.  Figures  II-I-I  and  II-I-2  are  photographs 

Figure  J I  - 1  f  I  shows  th|  top  skin  after  it,'  was 
‘  $an  be  seen  from  this  phopograph, 

F  and  abov4  retained  pieces 


of  the  panel, 
peeled  from  the  core.  ~As 
the  fillet^  formed  at  J700 


core.  'Jhe  .minimum  suitable  brazing  temperature  was*  1700- F. 

b  - 

The  tempererture  range  in  b’azing  with: the  1-6-1  foil  waff;  from 
1640  toil850  F.  Good  £111  its  were  obtained  at  1760*F  and, higher. 
The  minimum  suitable  bijazi  ig  temperature  was  1760  ,  1 
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ITEM  J  -  METALLOGRAPHIC  EVA 
0N~  SPONGE -TYPE  BRAj 

A  metallographlc  study  was 
joints  in  1T-7PH  steel  braz 
A  commercial  brazing  alloy 
alloy  is  basically  72:28  si 
plus  5#  nickel.  It  was  of 
to  oxidation  at  elevated  te 

The  sponge -type  alloys  were 
flow  in  pon^oured  sandwich 
sponge  or  skeleton  of  metal' 
brazing  temperature  to  be  u 
the  actual  brazing  alloy.  ! 
by  capillary  action  the  spoi 
lng  alloy  to  low  regions  of 
brazing.  Nickel,  iron,  430 
been  tested jas  sponge  metal 
silver  0.2# 'lithium  bra2ing 
sponge  metal  ranged  from  25 

i  a  v 

For  the  investigation  summa 

steel  wepe  grazed  with  the 
Manufacturing  Research  A  De 
and  meta^lographlo  examlnat 
Metallurgical  Laboratories, 
exposurelfor  50  hours  to  sa 
of  700  o£  1000  F  for  vaplou 

Figure b  .Mi,  IIJ-2 ,  a$d  I 
50:50  nickel,,  iron,  andj430 
in  the  a^-r^ceived  conditioi 
structures.  ,  The  fibers Jare 
to  the  r^quyed  thickness.  . 

Figure  IJJ-h!  shows  the  mien 
steel  braze®  at  1725  F  >jlth 
diffusion  l^rer  along  ttye  s 
dispersed  particles  in  the 
the  Bponde ,  J Metal logradhic 
1675,  1700,  [1725,  and  if 50  : 
increase^  appreciably  with  i 


UATION  OF  ENVIRONMENTAL  CONDITION 


INQ  ALLOYS:  i 

lade  during  the  first  half  of  1959  of 
d  with  various  so-called  sponge  alloys, 
ailed  T-50.  was  included.-  The  T-50 
ver-copper  (the  eutectic  of  the  system) 
nterest  because  of  alleged  resistance  { 
peratures.  <  -  l 

p»,  * 

developed  to  control  brazing-*alloy  * 

anels.  Such  alloys  consist  of  a  i 

having  a  melting  point  a-bove  -the  ? 

ed.  This  sponge  is  Impregnated  with  \ 
he  opinion  has  been  expressed  that  ] 

ge  inhibits  gravity  flow  of  the  braz-  ! 
the  sandwich-panel  package  during  ) 

stainless  steel,  and  cobalt  have  , 

Impregnated  with  the  Btprllqg  j 

alloy.  Variations  in  the  amount  of  * 

to  50#  by  weight.  . 


ized  here,  small  Tee  BeqtionSj  in  17-7PH 
arious  spopge-alloy  materials  by  the 
elopment  Dept.  Environmental  tests 
ons  were  cpnducted  by  thif  Engineering  | 
The  environmental  testing  comprised  j 
t  spray  and  also  in  air  pt  temperatures^ 
periods  of  time,  a  .  I 

i  IX  5 

J-3  show  tjjie  microstructj|tres  of  the  f 
stainless  fteel  sponges,, respectively,  | 
.  They  exhibit  differing  flbjjrous  i 

developed  )py  deformation  on  rolling  -| 


structure  of  a  Joint  in  l7-7P,jH  | 

25:75  nickfl  sponge.  The  nlcjkel  I; 

eel  sections  may  be  noted.  The  1  j, 

razing  alloy  (light)  are  nickel  from  f  ■. 
examination  of  joints  brazed  at 
showed  that  the  .depth  or  the  diffusion! 
igher  temperature.  The  aiffuaion  of  * 


25:75  nickel  sponge. 


'pIh 

Lcjkel 


!  I 
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nickel  in  17-7PH  steel  impairs  the  response  to  heat  treatment 
and  measurably  reduces  the  strength.  Joints  brazed  with  the 
nickel  sponge  compositions  cad  good  resistance  to  salt  spray 
but  were  susceptible  to  oxidation  at  elevated  temperatures. 

Iron-sponge  brazements  were  found  to  etch  in  air,  that  is,  they 
were  quickly  attacked  by  the  moisture  ‘present  in  air.  Figure 
IIJ-5  shows  a  Joint  in  17-7PH  steel,  brazed  with  40:60  iron 
sponge,  after  50  hours  in  salt  spray.  The  corrosion  along 
the  lron^  of  the  alloy-depleted  sponge,  between  the  f,llle^  above 
and  the  skin  below,  is  marked.  Figure  IIJ-6  illustrates  the 
appearance  6f  a  Joint  after  oxidation  in  air  at  700  ^F  for  100 
hours.  The ’advance  of  the  [iron  oxide  formed  is  indicated  by 
the  unsound  borders  at  the  right  and  left  of  the  photomicrograph. 
These  unsound  areas  are  darker  in  coloration  than  the  unoxidized 
brazing  alloy.  Brazements  ^nade  with  iron  sponge  are  unsatis¬ 
factory  as  concerns  resistsrice  to  both  salt  spray  and  oxidation. 
Data  on  the  edge  compression  and  shear  strengths  of  specimens 
from  a  sandwich  panel  brazed  with  irory  sponge  and  expose^  to 
the  conditions  Just  mentioned  are  given  in  FTDM-2270. 

,  »  l 

Joints  brazed  with  50:50  430  stuinlesa  steel  sponge  .were  .out¬ 
standingly  good  as  compared  with  those  brazed  with  the  other 
sponge  compositions.  Tpe  farmer  exhibited  neither  qorroslon 
nor  diffusion,  but  they,  dic^j  not  resist:  oxidation  at  .elevated 
temperature!.  However ,  *  bra$zement3  made  with  the  other  spionge 
materials  op  with  sterling  teilver  0.2^  lithium  alloy  are  ^also 
subject  £o  oxidation  at,'  elejvated  temperatures. 


s  <•  r  * 

Figure  LfJ-7  shows  the  structure  at  a  Tee  Joint  in  1*7 -7 PH  steel 
as  brazed  with  50:50  430  stainless  steel  sponge.  Figure jIIJ-6 
shows  thp  structure  after  5'0  hours  in  palt  spray.  Tjhe  small 
fillets  yiay.be  noted.  Thesis  are  more  ,or  less  typical  of  ,the 
fillets  pbserved  when  sponge  compositions  are  used  for  blazing. 

Since  the  sterling  silver  0.2^  lithium"  alloy  is  oxidized  ( in 
air  at  elevated  temperatures,  fillet  siize  is  important  irji  relation  . 
to  the  service  life  of  ^  bnzed  panel..  In  the  use  of  stainless 
steel  sponge,  fillet  sl?e  might  be  increased  by  several  means. 

These  include  varying  the  s conge  metal^brazing  alloy  ratio,  i 

varying  ;thejjslze  of  the(8poige  fibers  or  particles,  fend  Utilizing  ,] 
the  optimum f bra zing  temperature.  .  ;  y  .  ;  . 


Joints  l^i  lt-7PH  steel  braz 
good  resistance  to  salt^spr 
the  steef  w|s  apparent. j  Th 

I  ■*  < 


;d  with  50j£0  cobalt  sponge  had 
ly.  Slight;  diffusion  of  .cobalt  in 
i  oxidation;  of  the  brazea  fillet  ir 

f.  ■  S  T 
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air  at  700  F  was 

evidently 

|  As  to  this,  comparison  may! 

Figures 

IIJ-9  and 

IIJ-10. 

!  oxidation  at  a  honeycomb  ct 

exposure 

in  air  for  300  hot 

with  the 

sterling 

silver  01 

micrograph  shows 

the  oxidai 

exposure 

.  This  joint  was  t 

Joints  brazed  with  the  T-5t 

those  brazed  with 

the  sterl 

concerns 

susceptibility  to 

s  Nickel  diffused  from  the  ai 

extent  en  brazing 
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ITEM  K  -  CONCLUSIONS  FOR  ITEMS  G .  H,  I.  J 


The  conclusions  drawn  from  the  8tudie3  on  brazing  alloys  are 
given  below.  I 

t 

Tests  carried  out  to  evaluate  silver-copper-lithium  alloys  for 
brazing  17-7PH  steel  showedt  that  satisfactory  results  could 
be  obtained  with  several  compositions.  The  alloy  consisting 
of  sterling  silver  plus  0.2$  lithium  was  recommended  for 
replacing  the  85 *  15  silver-manganese  alloy.  The  former  has 
since  bejpn  used  as  the  standard  for  brazing  sandwich<  panels 
in  productiqrt.  «  ,1 

Brazements  in  the  sterling  jilver  0.2$.  lithium  alloy,  exhibit 
good  resistance  to  corrosiofv  in  salt  spray  and  have  moderate 
strength  in  lap  shear  at  temperatures  up  to  about  600  F.  Tests 
indicated  that  copper  does  hot  diffuse  from  this  alloy  into 
17 -7 PH  steel  at  the  recommended  brazing  temperature.  This  temper¬ 
ature  was  determined  a3}l65£>  F.  This  alloy  apparently  has  a 
tendency  to'form  shrink' cavities  under' the  Blow  cooling  condi¬ 
tions  of^  brazing.  j 

For  bonding  17 -7PH  steel  with  a  nickel-sponge  alloy,  the  optimum 
brazing  ,range  was  deterrninefi  by  test  tp  be  1725  to  1,775  F.  This 
alloy  contained  about  5p$  nickel  spongy  and  50$  sterling ,  silver 
plus  0 . 2$  lithium.  -  .  ' 


ge  was  determine^  by  test  tp  be  1725  to  1,775  F.  This 
Ined  about  5 £>$  nickel  spongy  and  50$  sterling ,  silver 
lthium.  t  J 

,  tempera ture.^3  siiltable  for  Grazing  17-7Pf\  ste^l  with 
etal  alloys  were]  determined!.  These  alloys  we?e  made 


The  m In linum^  temperature^  siiitable  for  -brazing  17-7P^  ste^l  with 
three  trtL-m^tal  alloys  werej  determined^.  These  alloys  we?e  made 
up  as  foil  with  pure  silver^  as  the  center  layer  and  ‘sterling 
3ilver  plus; 0.2$  lithium  aaj  two  outer  layers.  In  tl^e  composite 
foil,  ttip  relative  thlcjcnesuses  of  the  layers  corresponded  to  1-3-1,; 
1-4-1,  and  1-6-1.  Tests  wljth  small  17^-7PH  steel  parcels  Indicated 
that  suitable  brazing  temperatures  wer^e  1680,  1700,  l(and  1760  F, 
respectively.  .  j  ,  , 

Metallog^raphic  study  of'  Joints  in  17-7jpH  steel  brazed  with  various 
sponge  alloys  showed  the  effects  of  certain  environmental  condi¬ 
tions.  The, 3ponge  metals  Were  nickel,  iron,  430  stainless  3teel, 


tions.  Thea 3ponge  metals  Were  nickel,  iron,  430  stainless  3t£ 
and  cobalt.-  These  were-'  impregnated  with  sterling  silver  0.2$ 
lithium?  The  amount  of-  spdnge  metal  in  the  composites  ranged 


lithium.  1 
from  25  to  v 
50  hour^j  tof 
various  toerf 


50$. 
f  salt 


The  e 
spray 
of  tim 


nmental  conditions  were  exposure  for 


also 


at  700  or  10(50 
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Metallographlc  examination  of  the  brazements,  exposed  as  indicated 
just  above,  disclosed  the  ,'ollowingt  All  the  sponge  alloys  were 
susceptible  to  oxidation  in  air  at  elevated  temperatures.  All 
except  the  iron-sponge  alloy  had  good  resistance  to  salt  spray. 
Cobalt  and  nickel  diffused  from  the  corresponding  sponges  into 
.fca^jyj^steel,  the  diffusion  o;’  nickel  being  greater.  The  sponge 
.^aTxlffcl*&»ve'  light  fillets.  A  sponge  material  based:  on ’stainless 
steel  appeared  to  be  promising. 
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Figure  IIG-2: 


Une  tCi.e< 

Fillet  after  69  fours  in  salt  spra;, ; 
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BRAZING  A1L0Y  FLOWt 

Several  Investigations  were  karrled  out,  mostly  In  1958,  on  the 
flow  of  14-quld  brazing  allojfe  during  the  operation  of  brazing,  but 
the  results  were  not  published.  Memoranda  were  Issued  on  three  of 
the  Investigations.  Summaries  of  all  are  given  here. 


> 

fifi. 


One  method  advocated  to  control  brazing  alloy  flow  consists  In  i 
plating  ohe  or  both  surfaces  of  the  components  to  be  Joined.  Another 
is  to  plaite  the  brazing  foi!  .  If  17-7PH  steel  were  plated  with 
silver  ana  brazed  with  the  t terling  silver  0.2£  lithium  alloy,  t 

additional  silver  would  be  r ade  available  to  the  brarflng  alloy.  H 

Thus,  it  si  melting  point  wou!  d  be  raised  and  its  rate  ^or  extent  of  'i< 
flow  reduced!  However,  -test  s  have  shown  that  this  expedient  la 


largely  useless  except  fjor  c  ecreasing  node  flow  in  thick  core 
sections  of  sandwich  panels.  \  ~ 

'  :  •  i  *  '  3  '  . ,  '  -  I  ' 

In  one  published  report  (rei  erence  FGT42510)  a  description  la  given 
of  the  sandwich  type  test  f < r  measuring  brazing  alloy  flow  under 
controlled  conditions.  Thii  gives  reproducible  valueB.  I 

,  ■  jj  ; 

ITEM  L  -  'kpofr -MEMBER  VOlbs>  •  j  !  n  ■  ‘  f 

Increasing  nLrabers  of  void  4  re as  were  Observed  in  the  edge-member  t 
Joints  of  brazed  sandwich  pi  nels  after  the  adoption  bf  the  sterling  I 
silver  OJpfc  ^.lthiura  alloy.  )  fc 

Prior  to  ^the^  investigation  i  ummarlzed  lie  re,  the  MR&D  jDepaxtment 
carried  cflut  a  study  on  tfie  <  ffect  of  Joint  gap  or  spaclngion  the 
occurrence  ojf  voids  in  braziments.  Subsequently,  the  Metallurgi¬ 
cal  Section, .ETL  lnvestlgati  d  the  effect  of  nickel  Platini  the 
brazing  Surfaces  of  edge,  merbers.  The  ire  suits  of  this  latter  work 
are  summarlzfcd  in  Item  ^  of  this  sectldn.  In  the  present* Item  L 
general  observations  concert lng  the  causes  of  edge -member Avoids  , 
given  together  with  photogri  phs  of  typical  void  areas. 

Voids  ha^e  bten  ascribed.  to  a  variety  qf  causes  including^ badly  mating 
Parts  oroide  Joint  gaps,,  1<  w  brazing  temperatures,  foreign  included 
matter,  gas  evolution,  oxldi  films  or  qxidized  areas  on  the  brazing  I 
surfaces.,!  alloy  shrinkages  oi  freezing,  fond  stop-off.fr  Of  these, 
there  seetns  little  doubt;  bu  that  wide frgapa  and  oxidized  brazing 
surfaces jaref the  moat  impor  ant.  In  phasing,  note  raAy  bajmade  that 
Inadequate  flow  of  the  b^az  ng  alloy  is  olosely  related  to  oxidized f 
surfaoea  which  cause  poqr  wettability  afnd  to  .low  braslng  temperatures. 
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Figure  IIL-1  is  a  radiograph  of  panel  5N6255C.  This  panel  was 
rejeoted  because  of  edge-member  voids  rind  lack  of  vertical  tiea. 
The  light  areas  at  the  top  dnd  left  indicate  voids  which  are 
typical  of  tfiose  observed  in  the  joints  of  edge  members. 

The  spacing,^  clearance,  .or  gap  between  .the  detail  parts  in  sand-* 


■S  :• 

i’ 


ends  upon  the  dimensional  quality  of 
ty  maintained  in  the  components  of 
transmit  cdntact  pressure  to  £he  panel 


wa«at  auwy|  „va 

wlch  panels  to  be  brazed  de 
the  parts  and  upon  the  qua! 
the  fixtuiresi  The  fixtures 
details  during  brazing. 

IV  »  .  ;  i 

Figure  IJL-2*  is  a  radiograph  showing  the  size  of  voi$  arejis  in 
brazed  joints  of  definite  spacing.  The  light  areas  are  void  and  \ 
the  dark  are  brazed.  Obvioi.sly,  the  percentage  of  void  area  in-  i 

creases  with  increasing  Jpii  t  spacing.  Additional  information  on  f 

this  subject  is  available  in  HR&D  Brazing  Memorandum  No.  18.  {■ 

dated  August  7,  1957.  } 

T  . 

In  brazing,  some  foreign  ma  ;ter  is  likely  to  be  present  in  a  Joint. 1 
The  foreign  aubstances  day  ie  solids  or  gases.  Successful  proce¬ 
dures  for  brazing  sandwich  ianels  are  suite  complicated,  and  tna  V- 
presence,of  Jroreign  matter  .n  the  Joints  can  be  troubles ome.  iiow-  |  , 
ever,  foreign  solids  and  gai  es  evidently  have  little' effect  on 


the  over-all  quality  of  thej Joints  provided  that  proper  blazing 


procedures  etpe  followed t 

Foreign  pubatances  in  bi£aze|l  Joints  may  be  olassifle^  as  follows t  j 

(a)  I  Ojlide  and  other  n  >n-metallio  films  on  the  Surface  of  tl.e  I 

t  parts  to  be  braze  l;  r  |  ~ 

(b)  Noli -metallic  j.ncl  isions  in  tjie  brazing  alljbyj'  £ 

(o)J  oases  dissolved  1  i,  or  meohanically  held  b},  tl^s  brazing 

s  *lloy-  ' 

<•  •  K  ; 

Figures  f  IL-j3  to  IIL-6  s^e  bhotographs,  at  low  magnification  show! 
Interior^ locations  at  braze  1  Joints  of*  edge  members  after  the 
panel  skin  tfad  been  peeked  >ff.  The  Joints  were  braced  dn  17-7PH 
steel,  using  the  sterling  s  .lver  0.2#  lithium  alloy. I  Al^  show 
discontinuities.,  that  la,  v  )lds  or  inclusions  or  both,. 

•  ■  ’  £  ■  •  -  >  £  .  ‘"i  *:  t  fc  •  . 
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Referring  to  Figure  IIL-3< 
silicates  by  X-ray  dlffrac: 
associated  with  lighter  on< 
IIL-3  and  IIL-4  are  though 
steel  Z  member.  These  fill 
because  iof  the  poor  wettinj 
surfaces.  The  circulars  de] 
void  of  Figure  IIL-4  was  oi 
of  the  panel.  The  dark  ri 
indicate  non-raetallic  iholi 
IIL-6  shows  irregularly  sh, 
cal  illifsiop,  appearing,  as 
views  by  an,  observer. 

mm  i 

No  voids  have  been  found  Wj 
gas  entrapment  in  an  edge-i 
gas  entrapment  between  a  p 
alloy.  The  imprint  of  a  h 
ing  the .bubble .  Of  course 
member  goings.  Figure  jIIL 
sterling  sliver  0.2#  lithi 
freezing.  Unless  addition 
occurrence  i>f  voids  in  .the 
alloy  shrinkage  of  itself 

Finally!  th^  evidence  1,8  t 
large  aijd  numerous  void  ar 
all  strength  of  an  edge,-me 
most  critloal  factor  in  el 
of  the  oleaning  and  brazl 


the  small  black  spots  were  identified  as 
Ion.  The  intermittenly  dark  regions, 
s,  inside  the  larger  voids  of  Figures 
to  be  non-metallio  films  on  the  17-7PH 
s,  presumably  oxide,  would  produce  voids 
characteristics  of  the  contaminated 
ression  at  .the  oenter  of*the  large 
used  by  taok  welding  during  the  lay-up  . 
bons  or  channels  of  Figure  IIL-5  may 
ded  matter  in  the  brazing  alloy.  Figure 
ped  voids.  These  may  present \ an  optl-  \ 
depressions  or  elevation^  on  successive  . 

I 

ich  could  tjeflnitely  be  attributed  to  l 
ember  Joint.  Figure  IIL-7  illustrates  | 
nel  skin  and  a  nickel-plated  brazing 
neycomb  core  cell  can  be  seen  surround- 
gas  bubbles  could  be  trapped,  in  edge- 
8  shows  the  void  channelf  forced  by  the 
m  alloy  as  j  the  result  of  shrinkage  on 
,1  conditions  are  present, to  promote  the 
brazing  aljoy,  the  indications  are  that, 
rill  not  oause  objectionable  vpids.  , 

iat  the  prefence  of  only  Relatively 
as  will  seriously  decrease  thp  over-  j 
iber  Joint.  Close  Joint  spacing  is  the  \ 
mlhating  voids,  assuming“proper  control? 

;  operationf .  j  |  j 


.*  ■  i  v  . 
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ITEM  M  -  EFFECT  OF  NICKEL-  HLATING  STAINLESS  STEEL  BRAZING  SURFACES 


An  investigation  was  carri 
oxidized  areas  on  17-7PH  b 
The  idea,  waf  held  that  thlej 
wetting  by  the  brazing  i 
specimens,  and  Z  member 
plated.  After  plating,  the| 
were  tested  to  determine 
steel  surfaces. 


tHs 


(its 


Samples  jfor,the  tensile  te 
of  17-7FH  steel  in  nominal 
Nickel  e-leciroplatea  deaigrfe 
thick  were  applied  to  the 
were  subjected  to  a  typica3| 
samples  were  Included  for 


in  strengthg  plotted  against! 
unplated  nominal  thickness  ,* 
strength),  figure  IIM-ls  inq 
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out  with  the  object  of  eliminating 
tfeel  by  applying  a  nickel-plated  surface.  , 
surface  wojuld  afford  more  uniform 
.  Tensile*  specimens,  double-lap  shear 
aces  of  sandwich  panels  were  nickel 
latter  two  were  brazed.  '  All  the  samples 
effect  of  nickel  plating  the  17-7PH 


\  c  ; 

were  prepared  from  thlfri  sheel;  material 
Ithlcknessea  of  .005"*  .008",  and  .010".  - 
feted  as  flash,  .0001*,  .0002"  r  and  .0005* 
tensile  specimens.  After  plating,  they 
production  brazing  cycle.  Two  unplated 
clach  thickness  of  nickel  plate. 


The  tensile*; yield  and  ujLtin  ate  strength  together  wllfh  the)  elongation 
were  determined  for  the* vaz lous  specimens*  For  brevity, -the  actual 
tensile  data  are  not  lnclut  ed  here.  Figure  IIM-1  shows  the  decrease.  » 
*“  the  thickness  of  nickel  .plate .  The 

was  used  irq;  calculating  the  tensile 
icatea  deceases  in  tensile  strength 

i _ i.  _ -  _  m _ a  i  i  j  »  .  n  .it 


in  the  thre$  thickness  of  sieet  as  the.  initial  diffusion  of  nickel 
lowers  the  ftrength  of  the  17-7PH  stee(l.  The  loss  in  strength  is  , 
greatest  in  the  thinnesjt  mi  terial.  As  is  apparent,  the  strength 
of  the  tfiree  materials  Inez  Bases  as  the  thiokness  of;  the 'nickel 
plate  becomes  appreciable.  *  <  > 

The  double  lap-shear  spec in  ens  were  prepared  to  obtain  some  measure! 
“  *'  '  J  "  **  nickel  plat*  was  present  Ton  the  brazing; 


of  the  bpazi  strength  w 


electroless 


hen 


surface  of  the  steel.  plcllel  was  applied  by  both  dipping  and 
electroplating.  Nickel;  plate  applied  by  dipping  is  referred  to  as 


CAOW  WiVAS  Specimens*  wlj 
less  nickel,  were  prepared 


The  plated 
600,  80CL  ai 
omitted  her 
temperature, 
plated  sand  I 
higher  value 

M 


Jth  plateB  iln  both  electro  and  electro- 
las  flash,  .0001",  .0002",  and*. 0005"  thick. 


ap-shear  spfecl 
d  900  F.  Fpz* 

.  Figure  IIM- 
for  the  flafeh 
leotroless  nic 
s  were  obtained 
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ns  were  tested  at  room  temperature,  40 6, 
brevity,  the  actual  shear jtest^data  are  ' 
shows  the  JBhe&r  strength  plotted  against 
A  .0001"'  sicknesses  inrboth.electro-  b  ■ 
The  figure  shows  that  considerably*'* 
by  eleetr&latlng  than  ljy  dipping. 
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For  either  method  of  application,  the  effect  of  the  plate  thlckneso 
was  aeemlngly  unimportant.  The  shear-strength  values  obtained  In 
these  tests  are  within  the  i  ange  usually  given  by  specimens  brazed 
with  the  (Sterling  silvex*  0.*#  lithium  ajlloy. 


Ten  test  sandwich  panels  in 
the  effect  of  nickel  platlnj 
of  Joints.  These  panels  wei 
The  brazing  Operation  was  c< 
production  practice.  Most  < 
toward  trying  to  obtain  imp 
lessened  -number  of  voids, 
electroplating  in  flash,-  .01 
On  two  panels,  the  skins  as 
plated.  Tests  were  also  ma< 
lithium  alloy  was  nickel  or 
were  carried  out  to (examine 
tionlng  the  brazing  alloy  si 
brazed  wherej  the  surface  of 
treatment  an^l  also  wher^  di 

i  t  •  ; 

The  brazed  tist  panels  were 
plating  dr  other  treatment  i 
graphic  exan^lnation  waa,madi 
results  are  ^summarized  geloi 

i  '  i- 

Nickel  plating  the  Z  merjiberi 
with  equal  or  better  qu^llt; 
.  As  stated,  tiie  other  treatmi 
'  plating  ^he  grazing  alloy,  j 
tests  were  njade  with  the  la 
The  addi|ior^  of  borax  fiux  i 

Comparisons  pt  various  raethi 
the  radiographs  in  Figures 
Improvement  jfrora  nickel >pla 
the  corner  joints  of  Z  memb 
completely  filled  the  areas 
if  the  nlckoQ.  plate  were  no 
had  no  efferft  on. the  quallt 

;  i  s 

On  one  panel  where  the  skin 
plated,  exceptionally  Urge 
a  photomicrograph  shownlng 


17-7PH  steel  were  brazed  to  evaluate 
and  other  treatments  on  the  quality 
e  1/2"  x  6"  x  6:"  with  Z  edge  members, 
ndltloned  more  or  less  to  simulate 
f  the  work  on  test  panel*  was* directed  j, 
oved  brazes  of  edge  members  with  a  j 
ickel  wa3  applied  to  Z  members  by  1 

01",  ,0002"-,  and  .0005”  thicknesses, 
well  as  tha  edge  members  were  nickel 
e  In  which  the  sterling  silver  0.2# 
silver  plated.  A  few  experiments 
the  effect  of  borax  flux  and  of  posl- 
as  to  direct  flow.  Panels  were 
each  edge  member  was  glv§n  the  same 
ferent  treatments  were  applied . 

l  i  r  ;• 

X-rayed  ^determine  the  effect  of 
n  the  quality  of  the  Joints.  Metallo-  ). 
of  a  i'ew  ^elected  sections.  v  The  l; 


had  the  effect  of  producing  grazes  j 
than  those  obtained  by  gther'  treatment# 
nts  included  using  boraxgfluxj  silver  t 
nd  positioning  the  alloy,  Injpuif icient * 
ter  two  methods  to  deling  the|ir  effects# 
eemed  to  a|.d  somewhat.  £ 


ds  of  treatment  can  be  obtalr^ed  from 
IM-3  to  IIPl-5.  The  mosr  noticeable 
ing  appeared  along  the  eglges  nnd  In 
r  brazemenfcs.  Here,  the?braaCLng  alloy 
that  would[have  only  partial lV  filled 

nro a ort  »  »Th#»  f.h  1  r»f*  Tine  plate 


present.  ’The  thickness* of 
of  the  brkzements.  * 


as  well  ak  the  edge  members  were  nickel 
fillet*  were  formed,  figure  2IM-6  is  8. 


a  photomicrograph  shownlng  1  core -skin| Joint  with  thfc  large  fillet*! 


•  !• 


uriurr  r»o*t  ship 

;;M .  i/L-:  V 


CONV  A  I  R 

A  DIVISION  Of  GENERAL  DYNAMICS  CORPORATION 

(FORT  WORTH) 


'  I 


PAGE. 


-225- 


RIPORT  NO _ im.272,y~ 

MODEI _ iU4Q - - 

DATE _ f _ l/l  9/6i— 


And  Figure  IIM-7  la  a  radlog: 
An  attempt  to  reproduce  the 
the  sklnj  of  another  teat  p 
necessary  f osr  the  formation 
determined. 


;raph  Illustrating  the  oore  area, 
large  fillet  size  by  nlokel  plating 
i|nel  was  uniuccessful.  The  conditlona 
of  unusually  large  fillets  were  not 
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ITEM  N  -  Q-OBE  SE^TIQK^^ILVER-COPPER-IJTHLUM 

1  #  ■'*  fc  t  •  •  ■ 

A  few  experiments  were  carr  ed  out  to  determine  the  reasons  for  the 
difficulty  lh  retaining  suf,  ic lent  braling  alloy  In  the  top  skin 
of  deep  sandwich  panels  to  orm  large  fillets. 

Four  test  panels,  3"  x  6"  x  6",  were  prepared  of  17 *7 PH  steel*  The 
standard  sterling  silver  0.!  $  lithium  alloy  was  used  for  brazing. 
Figure  I^N-1  shows  the  arrai  gement  of  the  brazing  foil  at.  the  core 


Junctions  with  the  top  and 
brazing  were*  as  follows: 
i  1  • 

Panel  1-  -  10  minutes  a 


fottom  skins. 


1600  F 


The  time  add  temperature  of 


Panel  2-10  minutes  a  1650  F 

t 

Panel  3-20  minutes  a  ;  1650  F 
Panel  ^  -  20  minutes  at  1725  F 


Figure  IIN-2,  shows  sections Jof  top  andjbottom  skins  peeled  from  the 
core.  The  pjanel  was  brazedjat  1600  F.  t  The  photograph  indicates 
the  amount  of  brazing  alloyjwhlch  flowed  up  or  down  the  3”  core 
section  and  was  deposited  on  the  opposite  skin. 


Observations?  of  the  panels  1 
into  the  .core  node  region  pi 
simultaneously.  It  is  the  a 
alloy  to ’be  present  to  form 
panel  sections.  The  force  i 
of  brazlijg  t^Lloy  to  the  kbot1 
at  the  bdttom  than  at  the  t i 
top  is  ttye  result  of  capilli 

Node  flow  takes  place  3Q  to 
to  form  satisfactory  filleti 
node  flow  occurs  is  protjabl; 
present  on  the  core.  Ariothi 
the  time  .during  which  a.pam 
However,  Jno  feffeet  was  ijotei 
1650  F,  as  tried  in  these  e: 
to  measure  the  time  effect  1 

-  .  •  .  A.  *  • _ *• 


used  in 


this  work. 

|  f  • 

*’•  ‘  $ 


howed  that ‘the  flow  of  birazln^  alloy 
oceeds  from  both  top  andjbottom  skins 
iaJor  mechanism  causing  insufficient  rj 

adequate  fillets  in  deep! sandwich-  i 

f  gravity  augments  the  capillary  flow  r 
om  skin.  Thus,  larger  filleti  are  formfd. 
p  skin.  Flow  from  the  bottom"  to  the  " 
ry  action  |t  the  node.  '  k 

i  is  ir; 

50  F  below' the  temperature  necessary 
.  The  variation  in  temperature  at  whicti 
due  to  differences  in  t&e  oxide  film  i 
r  factor  affecting  node  flow  may  be  | 

1  Is  held  at  the  brazing^ temperature.  J 
for  the  times  10  and  20A»inutes  at  % 
perlments.j  The  interval!  necessary 
r#  probably  much  shorter ) than that 


ttury  rwort  smut 


'  Vv;  'j- * 


'  P.  ■  '*■  'sip-.  « 

*  v  %ycm  ** 

'AJw.t  R..  M  ohjJV'Vi' .  :  .  * 


CO  N  V  A  I  R 

A  DIVISION  or  OINMAt  DYNAMICS  COWOIIATION 

1  (port  Worth) 


ITEM  0  -  LIMITIN0  NODE  FLOW 

itir&'tim  mmth 

i 

A  preliminary  inveatigatlon 
trying  to  control  node  flow 
sandwich,  panels,  by  silver 
make  additional  silver  aval 
lithium  alloy  during  the  br 
silver  provided  for  solutio 
range  should  be  raised  and 
experiments  t  incorporating  j 


IN  THICK  CORE  SANDWICH  PANEL  SECTIONS 


Five  2-ly^2MJx  5"  x  5"  sandi 
identified  as  A-l  to  A-5. 
II0-1  shows  the  variations 
alloys  together  with  the,  1< 
silver  electroplate*  was  apj 
The  flash  plates  were  aboul 
silver  plated  on  the  core  1 
the  cell  wails  varied  from 


if  was  carried  out  with  the  object  of  , 

,  in  brazing  deep  core  sections  of  > 
slating.  The  plating  was  intended  to 
Lable  to  the  sterling  silver  0.2# 
izlng  operation,  With  additional 
\  by  the  brazing  alloy,  the  melting 
'low  restricted.  Initial#  bracing 
Lating  were  promising.  <  . 

Ich  panels  arere  brazed.  .These  were 
The  material  was  17-7PH  steel.  Figure 
in  positioning  and  amount  of  brazing 
cation  of  the  silver  plating.  A  flash 
lied  wherever  plating  is  indicated. 

.0005"  thick.  On  panels  which  had 
ace 8,  the  length  of  the  plate  along 
1/8"  to  3/8".  * 


In  addition,  to  the  usu^l  cleaning  procedure,  a  hot  sulfuric 
acid  pi^kle3' was  used  oq  th^j  core  sections  of  panels (A-1  pnd  A-2, 
prior  to  plating,  to  ot^taid  good  adherence  of  the  silver,  to  the 
steel.  .For:  panels  A-3^  A-4,  and  A-5»  ,the  pickle  was  omitted  on 
the  core  sections  to  ba  plated.  There  was  no  evidence  tpat  this 
omisslor  c^pnged  any  th  4  brazing  characteristics,]  , 

Large  £‘.  liAs  were  forced  It  both  the -top  and  botto$  Joints  of  • 
panels  A-l /  A-2,  and  A-3-  |The  illustrations  in  Figures  II0-2  and  J 
II0-3  a^e  topical  of  thjesej Joints.  The  use  of  extrli  layers  of  : 

the  bra^ln^  alloy  or  a  csllyer  plate  op  one-half  of  poth  the  top  * 

and  bottom  skins,  as  wljth  ;>anel  A-l,  Resulted  in  no;  apparent 
difference  jin  the  type  (of  >raze  obtained.  Node  flow  in  these  three 
panels  extended  from  0  to  /4 "  up  or  4own  the  core  from  the 
brazed  ^Joir^ts.  (  •'  r  '  | 

Tests  of  tl^ree  specime&a  taken  from  pknel  A-3  gave  Average  strength 
of  1057' P»C  in  flatwise  core  compression.  This  is  considerably  2 


above  the  minimum  stre 
core  material  used  in 

Jr 

v  i 

..  ■  \  t  : 


thiof  875  pel.  specif  led  fori  the 
a  panels  brazed  In  this  invest! 


!  i- 


ype  3-15 
tlon. 


f  ■ 
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An  attempt  was  made  with  pa 
the  top  fillets  restrictedl 
nodes  by  silver  plating  onl 
edge  of  tjhe  core  was  not  pi 
bottom  wa»s  ekpected  to  deve 
results  were  not  attained* 
wards  from  the  top  braze  Jo 
the  bottom  joints  in  the  ha 
on  the  top  edge  of  the  core 
brazing  atmosphere  inasmuch 
plated  orl  any  surface  showe 
bottom  Joints.  The  reason 
from  the  ‘botiom  in  the  pane 
only  the  .top,  core  edge.  ,  Th 
panel  A-4  webe  confirmed  by 
panel  prepared  in  the  same 

The  1-3-1  tri-metal  alloy  w 
explained  in.  Item  I  under  B 
designation  £-3-1  indicates 
layers  in  th£  foil  sandwich 
layers  were  sterling  silver 
was  pure  'silver.  This  tr 
temperature  used,  viz.,  £ 


1  A-4  to  freeze  the  brazing  alloy  in 
and  prevent  its  flow  down  the  core 
the  top  edge  of  the  core.  The  bottom 
ted.  Thus,  the  brazing  alloy  on  the 
op  some  node  flow  upwards.  The  desired 
ode  flow  extended  1/4"  or  less  down- 
nts  but  was  completely  absent  above 
f  section  having  the  sliver  plate 
This  condition  was  not  caused  by  the 
as  the  panel  half  which  ^as  not  silver 
definite  node  flow  from 'both' top  and 
s  not  known  for  the  lackj.of  n&de  flow 
section  having  the  silver  plate  on 
foregoing  observations  concerning 
repeating  the  test  brazing  with  another 


s  used  at  the  top  of  panel  A-5.  As 
azing  Alloys,  this  section  ab$>ve,  the 
the  relative  thicknesses ^of  the  three 
In  the  present  alloy,  the  outer  1 
0.2%  lithium  and  the  center  3  layer 
etal  alloy ^did  not  flow  §t  the  brazing 
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ITEM  P  -  CONCLUSIONS  FOR  ITEMS  L,  M>  N,  AND  0 


A  study  oi  thp  cause 8  for  an<J 
members  of  brazed  sandwich-  P 


methods  o|  eliminating  tfoidsi in  edge 
inels  led  td  the  following  conclusions t 


Edge  mc%iber  voids  are  of  mor^ 
silver  0.2$6  lithium  alloy  is 
85:15  s  11  J|er -manganese  alloy 

The  observed  fcauses  of  voids 
the  Joints  ana  brazing  alloy 
oxide  films  oh  the  surfaces 
in  the  brazing  alloy,  and  ga^ 
"Ihe  brazing  alloy.  , 


frequent  occurrence  when  the  sterling 
used  for  brazing  as  contrasted  with  the 

;i  ) 

* 

are  large  Joint  gaps,  foreign* mat ter  in 
shrinkage.  Foreign  matter  includes 
be  Joined,  non-metallio  inclusions 
evolved  from  the  metal  brazed  or  from 


*  i 

Close  Joint  spacing  is  the  m 
minimizing  voids  in  brazed  e 
age  may  be  difficult  or  lmpo 


Sat  critical  factor  in  eliminating  or 
ge  members,  Foreign  matter  and  Bhrlnk- 
sible  to  control. 


Only  relatl'/eky  large  void  areas  are  thought  to  Impair  seriously 
the  over-all  strength  of  .a  joint. 

the  effect;  of  nickel  platingC  17-7PH 
Bteel  surfaces  before  bra,zlnd  gave  useful  information  This  inves¬ 
tigation  was  carried  out  prli  larlly  with, the  object  of rdecrpasing 
the  oocur^encjB  of  edge-member  voids  by  nickel  plating. 

Nickel  plating  was  found  to  provide  a  surface  more  -responsive  to 
brazing  on  wetting  by  the  bri.zing  alloy;  Brazements  $ f  eqpal  or 
better  quality  were  produced  by  nickel  slating  than  bj 
methods  t^ledjfor  reduclijg  t|e  number  o?  voids. 

The  tensile  properties  of  17 


othyr 

c 


appreciably  changed  by  nicke*  pj.auxug.  .nxov., 
strength  df  steelmens  wad  but  little  af looted  by  nlckll  plating. 


7 PH  steel  in  light  Bheet, were  not 
plating.  , Also,  the  double  lfip-shear 


:v-; 


The  effed 
relatively 


ol*r  various  thicknlsses  pf  nidkel  on  the  properties  was 
unimportant .  1 


3 


The  least 'possible  thickness 
ful  as  larger  thicknesses  on 

•  i  a' 

I  ■  s 


[of  nlokel 
the  re suit J 


late  is  apparently1 as  help- 
obtained  in  brazing. 
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A  few  experiments  made  to  o 
thick  cope  seotions  In  sandi 
This  work  showed  that  brazil 
both  the  top  and  bottom  skii 
accentuated  by  gravity.  .Thi 
Insufficient  alloy  is  retail 
They  also  explain  why  large 


fserve  the  node  flow  of  brazing  alloy  on 
ioh  panels  afforded  interesting  faots. 
g  alloy  flows  into  the  core  nodes  from 
s.  The  flow  from  the  top  skin  is 
se  observations  serve  to  explain  why 
ed  at  the  top  skin  to  form  large  fillets, 
fillets  are  formed  at  the  bottom  skin. 


Another  investigation  carrii  d  out  with  the  object  of Elnhibiting  node 
flow  by  ^llver  plating  show< d  that  this  was  feasible*  In^this  workt 

ously  to  Bkins  and  core  $dges[of  thick 
- - ...  owed  that  a  flash  electroplate  of  sil¬ 
ver,  on  the  edge  and  extend:  ng  along  the  core  about  1/8"  from  the  I 
edge,  eliminated  node  flow  it  1660  F.  The  effect  was  brought  about 
by  the  additional  silver  fr<  m  the  piate,  this  dissolving  in  the 
sterling  silver  0.2#  lithiur,  alloy  on  brazing  and  thus  raising 
its  flow  temperature. 

4 

In  connec^tiop  with  the  ^bovd  investigation  on  silver rplating, 
face  compression  tests  vjerejmade  on  samples  from  a  typical 

,  ry.  The  results  showed  that  phe  column 

node  flowjwas  considerably  apove  the 

*k  t  1  £ 


panel  brazed  in  the  laboratc 
strength  of  ,the  oore  without 
specified  minimum  strength  \  ith  flow 
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channels  arc  Included  natter. 
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Figure  'I'Y;-'  :  T  >p  .;ni  bottom  skins  of  test  panel  brazed 
it  i'  On  F. 


The  top  two  sections  3riow  Flow  1'rom  brazing  alloy 
placet  Oil  bottom  skin  of  a  3  core  panel  section  to 
top  akin  where  no  allo^  was  originally  present. 

The  bottom  two  sections  show  i'low  From  brazing  alloy 
placed  on  top  akin  of  a  3'  core  panel  section  to  bottom 
skin  where  no  alloy  was  originally  present. 
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INDUCTION  BRAZING  OP  STAINLESS  STEEL  SANDWICH  PANELS 


INTRODUCTION 

In  September  1955  a  detail 
approved  which  Included  se 
associated  with  the  fabric 
The  purpose  of  these  progr 
of  sandwich  panel  Joining 
ultrasonic  welding,  and  In 
studied  .simultaneously  at 
under  contract  agreements, 
tlgatlons  indicated  that  t 
considerably  promise.  ■ 

Battelle  Memorial  Institute 
lng  from  March  1956  through 
their  w<jirk  \ie re  Issued. in  F 
Report  MR  55-14  summarizes 
1957. 

■  f 

Induction  brazing  studies  u 
similar,  to  jthose  pursued  b;r 
of  the  Investigation,  £ut  | 
March  1958  v'to  February  ,195? 
adapt  induction  heating  to^ 


d  manufacturing  research  proposal  was 
eral  research  programs  on  problems 
tlon  of  stainless  steel  sandwich  panels, 
s  was  to  Investigate  various  methods 
such  as  resistance  brazing  and  welding, 
uction  brazing.  The  problems  were 
onvair  and  by  certain  other  companies 
The  preliminary  results *of  the  inves- 
e  induction  brazing  approach  showed 


conducted  research  on  induction  braz- 
August  1958.  Summary  reports  covering 
ebruary  1957  and  August  1958.1  Convair 
their  work  from  March  1956  to  January 


onducted  at  Convair,  Ft.  Worth  were 
Battelle  during  the  early  stages 
ere  more  limited  in  scopy.  P|rom 
an  effortjWas  made  at  Cpnvalp  to 
contoured  pandwich  panel,  brazing. 


f  1  i  "1C 

Induction  t^razing  of  sandwich  panel  structures  offers  two 
advantages  ,over  the  conventional  furnace  brazing  mephods^.  The 
time  duflngj  which  the  grazing  alloy  is  molten  can  be  materially 


diffusion  problem  In  sandwich  panel  brazing.  Induction  (brazing 
also  affords  a  means  of  controlling  brazing  alloy  f^Low  In 
curved  sandwich  panels <  through  Its  application  to  aij  zona  brazing 
technique,  [i  [  ]  e 


This  memorandum  is  issued 
regarding  grazing  by  ap  lr 
It  describes  the  work  pace 
at  Convjpirijin  the  latep  si 

l  t  1 


:o  summarize  the  basic  conclusions 
iuctlon  heading  process.  Additionally, 
3n toured  sandwich  panel  bpazirjg  done 


iges  of  the|  program. 

a  .  . 
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SUMMARY 

A  method  of  Induction  brazi 
honeycomb  sandwich  panels  h 
an  experimental  basis.  The 
flat  panels  was  accompllshe 
The  contoured  sandwich  pane 
Metallurgical  Laboratory  at 
panels  1/2 "  x  10"  x  20"  and 
were  brazed  satisfactorily  | 

The  following  statements  wl] 
requirements  and  limitation 
tlon  for  the  use  of  inductil 


ig  flat  or  contoured  stainless  steel 
is  been  proven  to  be  feasible  on 
larger  portion  of  work  on  brazing 
1  at  Battelld  Memorial  Institute. 

L  brazing  was  done  in  the  Engineering 
Convair,  Port  Worth,  flat  test 
180°  contoured  panels  1/2"  x>10"  x  15" 
3y  induction  heating.  c  _  * 

LI  serve  to.  summarize  the  basic 
j  determined  during  thiB  lnvestiga- 
jn  heating  in  sandwich  panel  brazing. 


1.  It  is  not  .ecomoni daily  feasible  to  heat  an  entire 
honeycomb  sandwict|  panel  by  induction  because  of 
the  excessive  js>.;wefcr  requirements.  This  limitation 
necessitated  the  Adoption  of  controlled  movement 
of  a  narrow  brazing  zone. 

2.  •  Itcwas  found  that  to  maintain!  a  specified  panel  contour 

a  reference  form  Was  necessary.  Tills  need  was  qccentu- 
(  ated  by  the  use  of;  the  zone  brazing  technique  indicated 
abpve.  A  panel  package  similar  to  that  used  atj'Convalr 
fop  furnace  brazing  proved  satisfactory  for  the, 

I  induction-heating  |nethod.  >.  ^ 

3.  L  It-<was  necessary  t|o  maintain ’the  over-all  panel~temper- 

)  atttre  within  200  tto  300  P  of  (the  braze  zon^  temperature. 
'Otherwise,  the]  thermal  expansion  forces  cadsed  iarpage. 

*  By!  inclosing  tj-ie  entire  brazing  operation  insld^  a 
resistance-type  electric  furnace  this  requirement  wa3 


fulfilled. 


Wrinkling  probienuJ  were  solved  by  the  use  of  a  £.060" 
wrinkle  barrier  sheet.  The  wrinkle  barriei?  was  ^inserted 
between  the  tqp  panel  skin  aqd  the  vacuum  cover  sheet 
of  the  jpane.1  package.  It  protected  the  panel  skin 
fr<pm  wrinkles  ^tha ^sometimes  .developed  in  Ijhe  vacuum 
coSrer  sheet.  fl  .  , 


;e.  It  protected  the  panel  skin 
sometimes  developed  in  the  vacuum 

r  .  i 
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Figure  IIQ-1  illustrates  t 
equipment  shown  is  a  two  1 
a  Temperite*  resistance-he 
the  packaged,  sandwich  pane 
sistance  furnace.  This  ap 
of  the  furnace  by  means  of 
picture.  The  panel  assemb 
by  slotted  steel  tabs  welde 
These  tats  were  bent  aroun 
the  rotative  device.  The 
induction  coil  by. means  of 
tive  device* 


experimental  brazing  setup.  The 
p,  induction-heating  coll  inside 
ed  furnace.  A  device  for  rotating 
assembly  is  mounted  inside  the  re- 
ratus  was  rotatable  from  the  rear 
hand  crank,  not  shown  in  the 
is  attached  to  the  rotative  device 
to  each  corner  of  the  i^ane  1  .package , 
the  1/2"  stainless  steel<  prongs  of 
nel  assembly  was  centered  in  .the 
ock  nuts  on  the  prongs  OfC  the  rota- 


The  cavity  of  the  resistance  furnace  served  for  both  preheating 
and  po3theating.  An  inert  Atmosphere  was  obtained  inside  the 
panel  package  by  alternately  pumping  out  air  and  admitting  argon 
gas  through  a  stainless  steel  tube  welded  into  the  upper  left 
end  of  the  panel  package.  J 

*  l  I 

After  the  panel  had  been  properly  purg/sd,  the  resistance  ^fur¬ 
nace  was  set  at  1000  F  for  Seating  overnight  while  tjhe  interior 
of  the  ppne}  package  was  held  at  less  than  200  micrqns  pressure. 
The  following  morning  tne  furnace  temperature  was  raised 'to 
1550  F,  pnd3the  differentia^  pressure  ion  the  panel  reduced  to 
12"  of  mercury.  As  soop  as*  the  panel  jtemperature  reached 
1500  to  ^L55y  F,  the  Indpctijon  heating  pnlt  was  turned  on  and  the 
panel  asieem^ly  was  rotated  ‘through  the  hot  zone  under  the 
induction  coll.  The  papkage  was  then  cooled,  and  ttjje  panel  was 
cut  out  jfori examination.  ‘  ,  %  ; 

Induction  heating  frequencies  of  450  and  4.2  Kc  were'  used  for 


motor  generator  unit.  {  <  1 

$ 

xperimental  bratelng  were  packaged  according  to  the 
embly  lllusiratijsd  in  Flgurp  IIQ-2.  j  } 

H  l80°  contoured  sandwich  panels  were  prepared  for 
ng  this  investigation.  Ttyese  panels  arS  listed 
-I.  Panels,  1  5  were  heated  by  passirtg  an, induc¬ 

tion  heading  coll  complpteiy  around  this  assembly  as  Bhowtj  in 

;  i  \  )  i  .  r 

1  fi  <  J  ;  ;  i„  : 

\  ;  1  I  '■!'■■  !)  » 
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Position  1  of  Figure  IIQ- 
placlng  the  induction  colij 
Position  2  of  Figure  IIQ- 


Panels  6  to  12  were  heated  by 
on  top  of  the  package  as  shown  in 


Two  methods  of  temperature;  measurement  were  used  in  the  testing. 
Either  thermocouples  or  &r\  optical  pyrometer  was  used.  No 
dependable  method  of  placing  a  thermocouple  under  the  induotion 
heating  coil  was  found.  • 

■  p 

The  experimental  procedure^  of  brazing  is  described  *in  more 
detail  pnd$r  the  discusslcRa  following.  s  .  _ 

r  m  c 

DISCUSSION E  l  .  - 

■  ■*■■■■  —  ■  ...  - 

a 

This  section  is  divided  into  two  parts.  Part  I  is  a  summary  of 
the  basic  problems  encountered  during  the  Induction  brazing 
program  and  of  the  methods  used  to  solve  these  problems.  Part 
II  describes  the  method  developed  to  apply  induction  heating  to 
brazing,  of  contoured  sandwich  panels.,  ; 

e  c  »  «i 

PART  I:„  J 

In  ordep  to  produce  satisfactory  stainless  steel  sandwich  panels 
three  conditions  must  £e  Satisfied.  First,  at  bracing  temperatures 
of  silver-base  brazing  alloys  a  nono^idizing  atmosphere^s 
necessary,  j  Second,  some  sort  of  brazing  form  is  ne'eded  to 
produce’  panels  having  the  shape  required  and  quality  desired  in 
aircraft  structures.  JThird,  some  method  of  maintayiingjcontact  t 
of  the  .various  panel  partq  during  the  brazing  cyclq  is  necessary. 

In  furnace  .brazing  these  ojonditions  are  satisfied  tjy  enoasing 
the  saridwljh  panel  in  _a  weeded  braze  box  containing  a  graphite  " 
brazing-  form,  purging  wlthj  argon  ga3,*  and  brazing  under  a  partial 
vacuum.  Meeting  these,  requirements  in  induction  brazing  is 
complicated  by  the  relptl\^e  position  !of  the  brazing  forn»  and  .  - 
panel  package  to  the  ipduqtion  heating  coil.  Considerable  exper-  • 
imentatlone was  necessary  to  determine  a  satisfactory  brazing 
procedure.  t  {■  , 

One  of  the£ first  decisions!  was  that  it  would  be  impracticable  to 
heat  rndbe  than  a  narrow  zone  of  the  packaged  sandwich  panel  to 
brazing,  temperature  at<  one  time  because  of  power  considerations . 
Such  a  'pontluslon  necessitated  movement  of  either  the  p£nel 
past  thp  induction  ooil  or  movement  of  the  coil  pagt  the  panel 
package-.  All  work  thrpugljout  this  investigation  was  accomplished 
by  movement  of  the  panel  past  the  induction  coil.  ^ThiSjin- 
volved  a  minimum  of  problems,  at  leaEfct  for  relatively  small  panelaf. 

■}  I:  f  l  i  1 
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The  adaption  of  a  narrow  briazlng  zone  necessitated  preheating 
and  postheating  the  work  to  reduce  thermal  gradients  in  the 
panel  package.  In  the  Batfelle  investigation,  preheating  and 
postheating  zones  were  two ^separate  furnace  regions  with  the 
induction  coil  placed  between  them.  In  the  contoured  panel 
brazing  at  Convair,  the  sai^e  furnace  space  served  for  both 
preheating  and  postheating »as  well  as  brazing.  Attempts  to 
braze  one  portion  of  the  pinel  while  the  remainder  was  not 
heated  were  completely  unsuccessful.  It  wa3  found  that  preheat¬ 
ing  to  150  -  200  F  below  tne  brazing  temperature  produced  panels 
which  satisfied  the  flatneis  specifications  for  Convair  produc¬ 
tion  panels..  It  was  possible  to  maintain  the  postheat  temper¬ 
ature  as  much  as  300  F  below  the  brazing  temperature  without  \ 

causing  permanent  warpage  Of  the  panel.  This  subject  is 
discussed  a,t  some  length  in  the  Battelle  Progress  Reports. 

Attempts  to  eliminate  the  graphite  reference  block  or  substitute 
a  ceramic  material  were  likewise  unsuccessful.  An  example  was 
the  uBejOf  rVycor  plates  by, Battelle  in  brazing  6"  x.6"  flat 
test  panels.  Tests  with  Vjfcor  were  abandoned  because  plates  were 
unavailable  in  larger  sizes.  The  panel  package  adopted  ^was  Essen¬ 
tially  the  3ame  as  that  used  by  Convair  in  furnace  brazing. 

Three  v§trl^tions  of  th|s  package  are  phown  in  Figure  IIty-2. 

<  •  r  1  ;  1 

The  coljL  configuration,  found  to  be  satisfactory  was.  a  helically 

wound  two  tio  four  turn! coil.  This  coll  was  passed  pompl^etely  A 
around  phe  package  in  the  flat  panel  brazing  prograjn  as  .in  ' 

Posltlop  1  of  Figure  IfQ-3r  An  induction  heating  frequency  of  [ 
450  Kc  was  4ased  duringt all,  of  the  flap-panel  and  paft  of.  the  ] 

contoured-panel  brazing  programs.  Thfs  l'requency  w<as  selected  ' 

in  an  effort  to  obtain  maximum  efficiency  for  transformation  of  • 
electrical ^energy  into. heap.  Thi3  selection  proved  to  be  * 

unsuitable  because  of  jthe  geometry  of]  the  sandwich  panel  in  the  ( 
package'.  Efficiency  was  approximately  equal  and  ease  of  opera-  > 

tion  much  fetter  when  frequencies  in  £he  4  to  10  Kc<  range  1 

were  employed.  This  was  dfie  to  the  ificreased  deptl\  of  heating 
obtained  at  the  lower  frequencies.  ]£t  can  be  seen  in  Figures  IIQ-2 
and  II($-3  £hat  the  bottom  sandwich  pafiel  skin  must  pe  farther 
away  frpm  the  coil  windingp  than  the  gtop  panel  skirt  in  a  package 
of  this]  type.  .  {  1  1  !  1 

Using  4ie  j^bove  procedures,  Battelle  !was  able  to  braze  dj 
1/2"  x 
consis 
turn  1 
of  the 
using 


y  Battelle  was  able  to  braze  Satisfactory 
2"jX  24"  sandwich  panels.  Thjsir  final  arrangement 
d  df  a  Qlobar  preheat  and  poeutheat  furnace  with  a  two 
uclion  work  coll  qberated  at  flO  Kc.  The  preheat  zone 
urnace  was  heated  to  1575  F  the  panel  was  blazed 
erling  sliver  plus  0.256  Li  at;  1725  F.  Thejpanel  was 
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drawn  through  the  heating  doll  at  a  rate  of  3"  per  minute  at 
a  power  setting  of  4  KVA.  The  temperature  was  read  with  an 
optical  pyrometer.  The  po( theat  zone  was  operated  at  1400  P 
to  coincide  with  the  condil ioning  step  temperature  in  the  heat 
treatment  of  17-7PH  atainli  as  steel. 

PART  lit 

The  use  of  the  zone  technique  in  induction  brazing  flat  sandwich 
panels  led  to  the  attempt  ijo  adapt  this  procedure  to  controlling 
brazing  -alloy  flow  in  severely  contoured  panels.  Brazing  alloy 
flow  occurs  under  the  influence  of  gravity  while  the)  allpy.ls 
molten  and  pauses  a  buildup  of  the  brazing  alloy  in  ;low  portions 
of  the  sandwich  panel  at  the  expense  of  the  higher  Regions. 

If  the  brazing  alloy  ware  Molten  only  .in  the  lowest  .portion  of 
the  pandl,  no  flow  could  odcur.  This  can  be  accomplished  by 
the  use  of  a  narrow  brazing  zone. 

jj 

In  ordeij  to,  try  zone  brpzirtg  a  contoured  panel,  a  stainless 
steel  rotating  device  or  hunger  was  mounted  Inside  a  resistance 
furnace,  as(  shown  in  Figure  IIQ-1.  Hook3  were  welded  onto 
each  corner  of  a  l80°  simply  contoured  panel  brazing  retprt  so 
that  it ^coujLd  be  fastened  qnto  the  hanger.  The  induction  heat¬ 
ing  coil  waB  mounted  so  that  it  encircled  the  panel  package. 


A  vacuum  line  was  welded  into  one  end  of  the  package  to  permit 
control  of  phe  atmosphere  and  pressurq.  During  braaing, e the 
panel  was  rotated  90°  from  the  position  Bhown  in  Figure  jtIQ-1, 
and  the  induction  power,  wa4  turned  onl  The  panel  was  th$n 
slowly  ifessed  through  the  !  eating  ooi}  until  the  entire  panel 
area  hac|  bej^n  brazed.  t  c  E 

The  fir^t  five  panels  were, test  brazei  using  a  10  K^A  Westing- 
house  vacuupn  tube  osclflatcjr  unit.  The  frequency  o{  thijl  unit 
was  450 'Kc  per  second.  .  These  panels  were  packaged  as  shown 
in  Type  1,  Figure  IIQ-2.  The  results  as  given  in  Table  IIQ-1 
were  quite  unsatisfactory.!  To  obtain  , the  required  brazing 
temperature*  the  Induction  cjoil-to-pandl  spacing  wasjheld^at 
0.25"  or  leks.  Thi3  made  the  alinemeqt  of  the  panel  on  the 
rotativa  deVice  quite  critical.  Alsoj  the  heat  on  the  ipner 
panel  skin  was  inadequate ,  [although  tife  best  measurement^  obtained 
showed  the  temperature  grac lent  from  top  to  bottom  skin  pas 
less  than  50  F.  The  temper  ature  difference  between  top  and 
bottom  pane£  skins  is  a;  fur  otion  of  the  Bpeed  at  wh|ch  the 
panel  is  passed  through  th<  heating  cell.  A  speed  flf  1  to  2" 
per  minute  Was  used  for  ai:  the  oonto^red  Panel  bra|ing„jj 

j]  -  L 
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After  the  first  five  panels  had  been  brazed,  it  was  decided  to 
try  lowering  the  induction  heating  frequency.  A  30  KVA  motor 
generator  was  available}  th  a  operated  at  4,2  Kc.  It  was  also 
decided  to  heat  from  only  the  top  side  of  the  sandwich  panel 
package.  Because  of  the  pr<  sence  of  the  1"  graphite  braze 
form,  it  was  obvious  that'  from  distance  considerations  alone 
very  little  heat  could  be  transferred  to  the  inner  panel  skin 
from  the  bottom  section  of  he  work  coil.  Tests  showed  that 
the  same  coil  configuration  was  still  satisfactory  when  placed 
in  Position  2  of  Figure  IIQ'  3* 

!  1  I 

It  was  thought  that  the  graphite  form  might  be  sapping  heat  from 
the  bottom  plane!  3kln.  Com  equently,  a  layer  of  Flb^rfrax  insula¬ 
tion  was 'introduced  as  showt  in  Type  2*of  Figure  IIQ-2.  After 
the  Fiberfrax  was  added,  no  further  trouble  was  experienced  in 
heating  lower  panel  skins.  On  panels  8  to  17  the  barrier  sheets 
were  placed  as  shown  in  the  Type  3  package  of  Figure  IIQ-2. 

The  bottom  0.032"  barrier  protected  the  bottom  of  the  panel 
from  imperfections  in  t^e  F;  berfrax.  7he  top  0. 060" .sheet 
protected  the  panel  frorj  wrinkles  formed  in  the  vacuum  diaphragm 
sheet  of  i, the'  brazing  retort  jdurlng  bracing.  t 

;  i  l  ;  :  r 

A  problem  which  caused  some  ,  trouble  wa^  that  of  insulating  the 
water  cooled  induction  c^oil  Ifrom  the  blazing  package,  Thf 
methods  showp  as  Types  bi  c  and  d  lt|  Figure  IIQ-4[weref 
successively  tried.  It  was]found  that  {Type  d  wa3  be$t  frpm 
the  standpoint  of  thermal.! y  : insulating  3the  coll  from. the  sand¬ 
wich  panel  itself.  ’  i  >  -■ 

l  J  J  c 

Accurate  (.temperatui'e  measurement  of  th^  brazing  zoneiwas  , 

difficult.  Several  methods jof  introducing  thermocouples  yere 
thled.  All  phe  temperatures  shown  in  Table  IIQ-I  represent 
surface  temperatures  on  the  (vacuum  diaphragm  sheet  of  the^braz- 
ing  retort.  'The  only  us^abld  thermocouple  measurements  were 
obtained  .by  firing  the  couples  underneath  the  center  loop^of 
the  induction  heating  coll  so  that  the  , thermocouple  was  between 
the  Flberfra^c  and  the  brazing  retort.  [This  method  was  no$ 
dependable  because  the  wjireq  sometimes  jburned  off  or  .the  { 
thermocouple  arced  out  on  the  brazing  ijetort.  Readings  taken 
with  an  optical  pyrometer  wefre  satisfactory  although *the 
temperature  £ead  was  usually  30  to  50  K  higher  than  fhat  obtained 
by  thermocouples.  The  tihernjocouple  readings  were  corjside^ed 
more  accipatf.  }  |  \  ,  ’ 

I  J  ‘ 
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Teat  panels  9  to  12,  listed  in  Table  IIQ-1,  were  regarded  a3 
satisfactory  from  an  experimental  standpoint.  Items  such  as 
cleaning,  atmosphere  cohdit  .on3,  and  fit  of  detail  part3  were 
not  as  closely  controlled  it  this  investigation  as  they  would 
be  in  production  brazing.'  ’anels  9  and  10  consisted  of  180° 
panels  1/2"  x  10"  x  15".  A!  photograph  of  panel  9  18  shown  in 
Figure  IIQ-5.  The  uneven  f  .llets  were  caused  by  poor  wetting 
of  the  92.3#  Ag  7.5#  Cu  plu  1  0.2#  Li  brazing  alloy  on  the  17-7PH 
stainless  steel  surfaces,  '’his  was  caused  by  inadequate  cleaning 
of  the  plinel  parts.  ( 

it  '* 

The  bridging)  or  separation  )f  the  core  and  skins  in  the  center 
section  of  the  edges  of- panel  10  was  the  result  of  poor  fit  of 
the  braze  block  in  the  brazing  retort.  Panel  11  was  brazed  with 
0.125"  stiffeners  around  thfe  edges  of  three  sides  of  the  panel. 
This  arrangement  was  for  the  purpose  of  checking  the  heat 
transfer  through  the  greatei*  mas3.  The  braze  on  this  panel  was 
excellent  although  the  mismatch  of  the  panel  parts  caused 
inferior, over-all  panel, quality .  ]  t 

Panel  12^  waq  brazed  wit)?  0.^5"  thick  hpneycomb  core..  Whe,n  heat 
is  applied  to  only  one  side,  of  a  sandwich  panel  therje  muat  be  a 
maximum  thickness  over  yhlcii  the  lnner^  panel  skin  can  not  be 
brazed.  ^This  panel  showed  (that  0.75"  is  within  the  limiting 
thickness  wtylch  can  be  brazpd  by  such  a  method.  Nonp  of  the 
l80°  contoured  panels  listefl  in  Table  ^IIQ-I  exhibltejd  any 
brazing  alloy  flow.  1  |  1  1  ' 

CONCLUSIONS | 

i 


1. 


3. 


4. 


I  '  " 

1  1  1  i  H  > 

;  Induction  heating  ^.s  a  feasible  method  of  bjrazing 

E  honeycomb  sandf^ichj  panels  .  <( 

t  ’  c  4  1 

^  A  major  asset  pf  this  method  £3  the  speed  at  which 
the  brazing  can  bei  accomplished.  ,  [ 

1  Induction  heating  offers  a  method  of  'eliminating  -  - 
j;  alloy  flow  in  honoured  sandvach  panel  bracing. 

j  Induction  heating  ^frequencies^  in  the  4  -  10,  Kc  £ange 
]  art  suitable  f|>r  itndwich  panjsl  application,. 


5.  i  Sandwich  panel?  structures  up  jto  0.75"  thick  can'be 
j  brfczed  by  heatfng  jfrom  only  cme  side  of  the;  panel. 
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The  respite  of  some  investigations  on  brazing  17-7PH  steel  and 

put  by  members  of  the  Engineering 
lave  been  described  In  published 
r»  listed  below  together  with  an  abstraob 
r b  mostly  verbatim  statements,  from  ;i 
gljving  the  purpose  and  a  summary  of 


subjects,  carried 
Metallurgical  Laboratory, 
Convalr;  reports.  These  a 
of  each!.  The  abstracts  a: 
the  individual  reports, 
the  various  investigation 


The  results  of  the  experii 
by  Convair  are  given  lh 
the  unpublished  data  hpve 
as  memoranda,  tables  ojf 
and  othfer  information  4o 
duals.  ! 


ABSTRACT: 

One  purpo 
bonding  s 


of  this 


lr^ves 


mental  work  not  previous 1/  published 
tHe  present  report.  Practfcaliy  all  of 
been  made  available  from*tlme-to  time  *l\ 
t«jst  values,  graphs,  photomicrographs,  !•■;;' 
limited  number  of  interested*  indlvi-i  |fi 

i 


1.;  Zr  R.  Wolanslci,  'Material  -  High  Temperature  Honeycomb 
■i  Methods  of  Bondir  g  -  Determination  of  FGT-1153* 

•  Npvember  5,  ^953j  26  pp.  (F-4182J, 

1 


igatlon  was  to  develop  m^thodb  of 


lnless  steel  si  :1ns  to  honeycomb  core  using  high 
temperaburfe  brazing  alloyi  .  Another  purpose  was  to  determine 
the  optimum  heat  treatmen  for  17-7PH  steel  in  the  annealed  and 
cold  w<^rke|i  conditional.  ,  H  t 

Six  conjmercial  brazing  all.oys  were  tested.  These  bad  flow 
points  lin Jthe  range  of  1145  to  2100  F.  Type  321  stainless  steel 
was  us^d  fpr  skin  materia  .,  and  17-7^H  steel  was  used  f£r  core. 

Microscopic  examination  o;“  brazed  panels  showed  that  good  fillets 
betweeh  the  core  and  skim  and  good  bond  between  the  core  ribbons 
at  the j spot  welds  were  essential  for  satisfactory  results. 

4  f  *|  _  -  3 

Furnace  brazing  was  found  to  be  feasible  for  both  flat  and  curved 
panels]  After  applicdtlo  i  of  the  brazing  alloy,  the  panels  were  a 
assembled -in  a  holding  fixture  and  scaled  in  an  atmosphere  l,. 

envelop  or*  chamber.  Rest  itance  blanket  brazing  prbsentted  possibil* 
ltles  of  jSraotlcal  ap|lic  ition.  • .  J  .  i  | 

For  annealed  ("A”  condlti >n)  17-7PH  steel,  the  maximum  pensile 
yield  Shdiultimate  styeng  ;h,  togefcheir  with  relatively  l^Lgh 
elongation,  was  obtained  py  the  following  heat  treatments  Condi-* 
tione<Tat  E1400  “  - *-*--*■  *-  —J-*-  Zl-  ^  * - *- 


f  M;' 


F,  quehohep  in  water  pt  60  F  or  sliphtlj^  below, 
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S.,  D.  Tannenb^um  it  al.,  "Manufacturing  Research  - 
Materials  -  High  "cmperature  Brazing  Alloy  -  Metal 
to  Metal  Sandwich  Panel  Construction  -  Preliminary 
Evaluation  of  -",  MR  54-5*  April  20,  1955*  14  pp. 
(P-4743). 


ABSTRACT: 

The  purpose  of  this  invest 
clal  brazing  alloys  for  po 
comb  sandwich  panels  in  17 

'  !<  M 

Each  alloy  >was  evaluated  b 
sandwich  pahels  in  a  hydro 
mens  were  tested  in  tenslo 
Acceptable  test  panels  wer 
at  room  temperature. 


.gation  was  to  evaluate  several  commer- 
sible  use  in  the  manufacture  of  honey-  - 
k7PH  steel.  *  ^  l 

»  .  . 

r  brazing  lap  shear  specimens  -and  test  - 
?en  atmosphere.  The  lap  shear-  speci- 
1  at  room  temperature  and  at  1000  F.  ; 

5  loaded  as  simple  beams  to  failure 


Of  five  alloys  tested, j  onV  one,  a  silver-base  comppsitijon, 
appeared  to  give  satisfactory  results.  The  others  showed  penetra¬ 
tion  and  disintegration  of  the  steel  pr  quite  deficient  fDond. 


4.  P,‘  F.  Qhena,  "Matirlals  -  17-7PH,  302-3/4  Hard,1  and 

321  Annealed  -  Strength  and  Size  Effect  on  Repeated 
T  Exposure  to  1000  7  -  Determination  of  FTDM  -  1415 
-  May  3,  1955,  21  pb-  (F-4696,  Suppl.  4) 


ABSTRACT: 


The  purposq  of  this  inves 
of  repeated  exposure  tp  1 
temperature  on  the  tens 11 
stainless  steel  alloys^  1 

The  repeated  exposures  we 
17-7  steel,  aged  at  1050 
sheet,  .01p"  thick.  The 
seconda  at. 1000  F  had  ho 
dimensi^ns^  of  the  17-73PH 


5,  P;  F.  Ghena,  i"Em 
Speel  -  Heat  .Trefi 
tat ion  Hardening 
!  F(JT-1347,  Mays  9, 


a  >■ 

1 
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gation  was  to  determine  *the  effect 
C  F  and  subsequent  cooing  t^  room 
strength  did  dimensions  of  tqree 
luding  I7-7PH.  , 

made  on  specimens  of  heat  treated 
This  material  was  in  the  form  of 
sts  showed  that  exposures  for)  30 
feet  on  trie  tensile  strength, or 
ecimens.  '  ‘  ' 
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•ABSTRACT} 

The  purpose  of  this  lnvesti,  ;ation  was  to  examine  various  methods 
for  the  heat  treatment  of  A  'mco  17-7PH  steel  and  to  determine 
the  feasibility  of  combinin, ;  the  conditioning  treatment  with  a 
low  temperature  brazing  eye  e  for  the  production  of  sandwich  panels. 
In  addition,  the  effects  of  a  conditioning  treatment  after  a 
low  temperature  brazing  eye  .e  were  studied. 


Tensile  and  bend  specimens  i 
in  thicknesses  of  .008",  .0 
conditioning  treatments,  thi 
for  times  of  from  5  to  60  m; 
the  heating,"  some  specimens' 
at  60  F.  Others  were  coole< 
or  60  minutes  and  then  cooli 
tion  hardening  was  effected 
to  1050  F  for  periods  of  10; 
• 

The  .008’'  and  .014"  thick  si 
insensitive  ,to  conditioning! 
However, 1  the  .040"  material' 
temperatures  to  produce  str 
at  higher  temperatures.'  Th 
to  the  strength  of  specimen 
temperature ., 

The  precipitation  hardepln 
incr^ a;'1" 0  strength  with'inc 
?J t  houi'uj  By  contrast,  ’  the 
decrease^  strength  as  the  t 
treatment  of  90  minutes^ at  ■ 
values,  when  the  preclpitat, 
1050  F,  than  the  condition 

A  correlation  between  Rjbckw 
tensile  strength  was  estab’ 
correlation^ could  be  estab 


rere  prepared  from  17-7PH*  stee-1  Bheet 
.4",  and  .040".  For  the  fetudy2  of 
(  effects  of  various  temperatures 
[.nutes  were  investigated/  After 
were  immediately  quenched  in  Water 
1  in  air  to  room  temperature  in  15 
sd  at  once  to  0  or  60  F.  Preclpita- 
at  several  temperatures  from  850 
minutes  to  24  hours. 

eets  were  found  to  be  relatively 
variables  pf  time  and  temperature . 
required  longer  times  at^  the  jl°wer 
ngths  comparable  to  thos^  obtained 
quench  at,  0  F  was  quite,  beneficial 
slowly  cobled  from  the  conditioning 


Z.jR.  Wolanski; 
Sandwich  Panels 
Research  -  Test 


temperatures  of  950  F  and  below  gave 
’easing  tlmjfc  at  temperature  upi  to 
temperatures  1000  and  1C|>0  F  ^gave 
Lme  was  increased.  A  conditioning 
L400  F  gavej  more  uniform  ^trenjgth 
Lon  hardening  was  carried  out  }at 
ig  treatments  for  30  or  60  minutes. 

>11  "C"  and  "D"  hardness  Value's  and 
Lshed  for  the  .040"  thick  sheet.  No 
Lshed  for  tfie  .008"  and  .014"  .materials, 


pirical  Data  -  Stainless?  Steel 
ow  Temperature  Brazed  -  Senegal 

FGT-1363f  June  1,  1955 1  J4l  pp. 
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ABSTRACT! 

The  purpose  of  this  investi nation  was  to  determine  whether  the 
remelting  temperature  of  se  reral  commercial  brazing  alloys,  having 
relatively  low  melting  points,  would  increase  substantially  due 
to  loss  of  constituents  on  brazing.  If  the  remelting  temperature 
increased  sufficiently,  a  conditioning  treatment  at  1200  F 
for  17-7PH  steel  might  be  ckrried  out.  , 

Four  brazing  alloys  were  tested  by  several  methods  tjo  establish 
their  retoelting  temperature^ .  The  results  showed  tl^at  the 
remelting  temperatures  pf  t|iree  alloyB^  increased  appreciably 
from  the  original  melting  temperatures*.  However,  the  increases 
were  not  sufficient  so  that  sandwich  panels  brazed  with  the 
alloys  could  be  heat  treated  after  the  brazing  operation.  Heat 
treating  of  sandwich  panels  brazed  with  this  alloy  might  be 
accomplished  provided  that  the  heat  treating  procedures  are 
suitably  combined  with  the  crazing  to  produce  the  required 
properties  in  sandwich  panels. 

Sandwich^  panels  brazed  with  the  fourth^  alloy  could  bje  heat  treated 
after  braziog  provided  jthat|  the  conditioning  temperature  i-did 
not  exceed  j.200  F.  f  i  ,  ,i  . 

7.  |z.'R."  Wolanskl,  "Empirical  Da^ta  -  Stainless1  Steel  Sand¬ 
wich  Panels  -  Low  .Temperature  Brazed  -  General  Research  - 


Teits  of",  FGT-13 


ABSTRACr 


July  15,  1955,  39  pp.  ’(F-4696) . 

ti  .  H 

*  1  ' 

'  t  l 


The  pur^serof  this  investigation  was  -to  determine  whether  the 
conditioning  treatment  for  sandwich  panels  in  steel. 


brazed  a,t  hjgh  temperature! 
the  rate  of  cooling  frop  tl 
transformation  could  bej  ob 
con troll'lng.  the  cooling  ra 
could  be,  eliminated.  j 

The  resultsrof  this  invest 
3andwic)il:  panels  are  brazed 
transformation  will  occur 
1100  F  is  llhour  or  morfe. 
approxinfately  1400  F,  couli 
cooling  (timi  between  l8po  i 
panels  aJre  subsequently  coi 
time  beyond  1  hour  slightl; 
sheet.  |  S  ! 


,  could  be  accomplished  by  controlling 
•  brazing  temperature,  JP  complete 
lined  in  thije  brazing  process  by 
!,  the  usual  conditioning  treatment 


|gation  showed  that  when  17-7P#  steel 
Jat  approximately  1800  F, ^complete 
Bf  the  time  ’of  cooling  from  l800  to 
]Thus,  the  Conditioning  treatment  at 
I  be  eliminated  provided  Jihat  £he 
ind  1100  F  is  1  hour  or  mipre  aad  the 
jled  to  -20  F.  Increased *, cooling 
1  decreased  the  duotilitytiOf  1*-7PH 

.  i.  ;  im.-; 
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Panels  brazed  at  1900  F  to  2a00  P  did  not  completely  transform 
unless  the  cooling  time  to  IjOO  F  was  Increased  to  approximately 
10  hours  and  the  panels  were  [subsequently  cooled  to  -20  P.  Again, 
the  ductility  was  reduced  wltjh  increasing  cooling  times. 

i 

A  precipitation  hardening  treatment  at  1050  F  for  90  minutes 
should  be  used  in  processing  17-7PH  atedl  sandwich  panels  when 
strength  is  a  critical  desigr  factor.  A  treatment  at  1075  P 
for  90  minutes  should  be  usee  when  ductility  is  critical. 

8h  i.  Nordquist,  "Sandwich  Panels  -  Stainlesd  Steel  - 
Production  Brazed  -  Structural  Evaluation  -  TestBof 
PtdM*-1826,  January  :  3,  1958,  5.PP-  (P-7051 )._  ; 

ABSTRACT: 

The  purpose  of  this  investlgition  was  to  determine  the  cause  of 
the  service  failure  of  two  wing  trailing  edge  panels,  4T012-2 
and  4T013-*2,  in  17-7PH  steelj brazed  witp  85»15  silver-manganese 

all°y-  c  '  i  1  In 

i  t  r  -  .  > 

Examination  showed  that  pelatoination  of, the  skin  from,  the  core  had. 

occurred  bn  both  panels.  Thl  de lamination  was  caused  by  crevice 
corrosion,  at  (the  braze  alloy|-steel  interface.  „  3 

~~S.  W.  fi.  Pratt,  "Materials  -  Brazing  Alloy  -  Evkluat*ion 
pf  -j",  FQT-1362^1 ,  larch  3,  19p8,  70  pp.  (F-A696). 

ABSTRACT :[  /  *  J  jj  J 

The  purpose  <a|f  this  investigation  was  to  find  a  brazling  alloy 
that  would  have  all  the  ehar  icteristics- desired  for  the  brazing 
of  sandwich  panels  in  17-7PH  steel.  ; 

Twenty-onp  cpmmercial  br^zlps  alloys,  thought  to  poshes  acceptable 
characteristics  for  brazing  sandwich  panels,  were  selected  and 
tested,  jrhe  most  promising  jof  these  alloys  were  nickel  plated, 
with  the  object  of  eliminating  the  undesirable  features  of  each, 
and  again  tested.  ’  {  J  n  • 

Tests  werSs  carried  out  tfo  d«  t ermine  the$  flow,  wetting,  and 
filleting  of  the  alloy  op  17-7PH  steel.*  The  corrosion  resistance 
of  the  brazefcents  was  also  cetermined.  *  Lap  shear  and  comfiressive 
shear  teats  In  brazed  spapeinens  were  run  for  the  temperature 
range  -1^0  t^  ♦  900  F.  ^  I  {  o' 


oys  were  nickel  pXated, 
irable  features  of  each, 


I  i 

*•  -1 

•  9 

t  a 


termine  thek  flow,  wetting,  and 
-7 PH  steel-  The  corrosion  resistance 
e term ine d. \  Lap  shear  and  comfiressive 
ens  were  run  for  the  temperature 

I  I  i  : 
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The  results  of  these  tests  ihowed  that  the  nickel-base  brazing 
alloys  had  the  highest  shear  strengths  at  room  temperature 
and  elevated  temperature.  lowever,  the  elements  added  to 
reduce  the  melting  points  of  the  alloys  had  detrimental  effects 
on  the  17 -7 PH  steel. 


Most  of  the  silver-base  bra 
in  salt  spray.  An  exceptio 
lithium,  which  held  up  very 
the  best  combination  of  bra 
all  the  alloys  tested. 

i 

Nickel  plating  on  the  silve 
on  the  steel- and  also  their 
the  plating  caused  a  slight 
of  the  brazements  at  room  t 


ing  alloys  were  susceptibly  t$, 'corrosion 
was  sterling  silver  coft’fainifig 
well.  This  composition  exhibited 
ing  qualities,  on  17-7PH ,‘>ateel,  of 


[-base  alloys  improved  thair  wetting 
(resistance  -to  corrosion.  -  However, 
(reduction  in  the  shear  strength 
mpe nature . 


No  alloy  was  found  that  would  fulfill  all  the  requirements  of  an 
ideal  brazing  composition  fqr  17-7PH  steel  sandwich  ganel^. 


i.  |  W/M.  Pratt,  "Control  Surfaces  -  Low  Tempera 
:Braze  Material  -  Evaluation  of  FGT-2088, 
•  December  18,  1958,  36  pp.  (F-7545).  ' 


ature 


ABSTRACT;  £ 

The  purpose  pf  this  In  vest  if 
for  use  In  tie  repair  brazir 
The  extent  o;'  damage  to  the 
caused  by  the  localized  tem] 
also  to  tie  determined. 

To  evaluate  a  brazing  al]loy 
brazed  repairs  on  panels,  hac 
the  adopted  method  conslstec 
17-7PH  steel,  condition  JTH  ; 
in  the  p^neljSkin.  „ 

The  97 * 3  lsil^er-lithiura  lallc 
the  most  ^satisfactory  btiazec 
temperatvjre  was  about  1250  I 
with  the  repair  method  devei 
to  be  made  on  17 -7 PH  honeyof 
procedure  should  be  readily 
\  \  !. 


atlon  was  to  select  a  brazing^ alloy 
g  of  17-7PH  steel  sandwich  panels, 
strength  of  the  heat  treated  panels, 
erature  of  the  repair  br^zlng^  was 

'  b  2 

m  *  ?i 

for  panel  repair,  a  method  for  making 
to  be  firdt  developed.  'Briefly, 
of  brazing  circular  patches  of 
050,  so  as^to  cover  a  ho^e  or3tear 

y,  nickel  plated,  was  found  to  give 
repairs.  lA  suitable  brazing* 

.  The  use  {of  this  brazing  alloy, 
oped,  enabled  reproducible  repairs 
Mb  sandwioH  panels.  This  braiing 
adaptable  tov  field  repairs,  r 


!•  I 
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The  tensile  yield  strength  o 
the  area  of  the  braze  was  re 
of  the  original  TH  1050  valu 
decreased  to j65  to  75$.  The 

The  largest  repair,  attempte 
a  hole  2-1/2"  In  diameter  in 

l  .  •  'At 

’  heat  treated  17-7FH  steel  in 
luced  to  approximately  40  to  45$ 
i ,  and  the  ultimate  strength  was 
elongation* was  almost  doubled. 

I  during  this  investigation,  comprised  „• 
one  skin  of  a  panel. 

,  11.  H.  B.  Farner,  "Mat 

|All,oy  -  Environmen 
i May  22,  1959,  3  PP 

h  i 

ABSTRACT!- 

The  purpose  of  this  investlg 
of  exposure  to  salt  spray  an 
brazement  in  a  17-7PH  steel 

A  small  testrpanel  was  bpaze 
incorporated .  In  iron  sponge., 
specimens]  were  cut  from  jthe  , 
specimens  with  and  without  e 
showed  that  exposure  for  50 
hours  at  ^00, F  in  air  hafl  qi^ 
compression  and  shear  stpeng 
unsatisfactory  for  brazement 

srlals  -  Iron  Sponge  Brazing  . 

;al  Evaluation  of  FTDM-227-0, 

,  (F-8619).  " 

r 

ition  was  to  determine  the  effects 

3  to  700  F  in  air  on  an  lron-3ponge 

3andwich  panel. 

i  with  92.8^7:0.2  Ag-Cu-Ei  alloy 

Edge  compression  and  shear  beam 
panel.  Tests  were  made  cui  these 
ivlronmental  exposure.  Tfie  results 
iours  to  salt  spray  and  for  360 
ite  adverse^  effects  on  thp  edge 
th.  The  lrpn-sponge  alloy  is 

9  to  withstand  the  conditions  given. 

12.  LH.iB.  Farner,  ''Mats 
1  Brazing  Alloy  r  17t 
'  Effects  of  EleVate] 

*  Evaluation  of  i 

(F-8725).  '  j 

-■  ABSTRACTt!  ?  ! 

The  purpose  of  this  Investlg 
..oxidation,  in  air  at  700  F  on 
Ag-Cu-Ll  plloy  in  a  17-7^H  a 

Specimens1  fo£  edge  compr^3si 
from  the  panel.  Tests  were 
the  exposure] indicated,  ,  Tin 
100  to  3C^0  hjurs.  | 

<  :  n 

—  •  M 

-  M 

1  j  ! 

'  i  t 

•  !  "  \ 

•rials  -  Si«Lver-Copper-Llithiuni  I 

-7 PH  Sandwich  Panels  Brazjjed  With  - 
i  Temperature  On  -  Structural ' 

?TDM-2355,  October  12,  1939,  6  pp.  ‘ 

i 

\ 

<  ,<  . 

•  .1'  i,  •  !■ . 

ation  was  to  determine  the  effect  of 
brazement? .made  with  92.8:7:0.2  ’ 

teel  sandwiluh  panel.  *  >  ; 

on  and  sheslr  beam  tests  were  cut 
made  on  the*  specimens  wll^i  an<|  without 
time  periods  of  exposur^  were  from 

J  1  2  . 
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The  test  results.  3howed  tha 
adequate  fillets  had  streng 
in  the  uhexposed,  as-brazed 

after  exposure,  specimens  with  ; 
hs  equal  to  or  greater  than  specimens 
condition. 

A  new  type  qf  corrosion  of 
during  this  investigation, 
determined. 

irazed  17-7PH  steel  was  observed 

The  mechanism  of  the  attack  was  not 

. 

_ _ _ _ _ 

W.  M.  Pratt,  "Materials  -  Brazed  Stainless  Steel 
Sandwich  Panels  -  Butt-Welded  Facings  -  Evaluation 
Test  of  FTDM-:»433,  December  20,  1959,  * 

12  pp.  (F-8213).  e  :  ' 


ABSTRACT! 


The  purpose  of  this  Investigation  was  to  evaluate  butt-welded 
facing  material  in  17-7PH  3peel  for  sandwich  panels,  as  supplied 
by  the  Airline  Welding  Company,  Solar  Aircraft  Company,  and 
Rohr  Aircraft  Corporation.  jConvair  requirements  for,.  thlsi 
material  are  set  forth  in  specification  FPS-0038,  paragraphs 
3.4  throveh  ,3.5.2.  t  r 

The  welded  fheet  material  wps  supplier^  in  various  thicknesses. 

Test  specimens  were  hea£  treated  in  simulation  of  a  production 
brazing  cycle.  Tension  and.  axial  tension-tension  fatigue  tests 
were  runj  the  welds  in  the  ppecimens  being  at  the  cepter  .of  the 
reduced  section.  '  (  b 

All  the  welded  specimen^  parsed  the  Copvair  tensile  epeclf  ication.  . 
None  met  the  fatigue  requirements.  E  : 


14..  W,  M.  Pratt,  "Materials  -  Honeycomb  Core  RAbbon  - 

-  Relationship  Between  Flow  Characteristics  of  Brazing  - 

,  Alloy  and  Oxide  KLlm  Formation  of  -  Determination  ■' 

l  of  FQT-25^0,  February  2,r  i960,  21  pp.,  (F-§225). 

_ 3  L  :  I  l  r  II 


ABSTRACT.: 


"Mottled,  braze"  conditions  fend  variable  fillet  formation ‘and 
node  flow  during  the  brfezing  of  honeycomb  sandwich  panels  in 
17-7PH  8<teel  have  been  the  cause  of  panel  scrappage  at  bpth 
Convair  -and, sub-con tracioraj.  Tests  hajve  established  tha£  the 
dlfficulxieg  are  due  to’ the;  presenoe  olr  oxide  films;lon  the 
honeycoraro  core.  These  pxidp  films  arej  attributed  ta  variations 
in  the  q£ial}.ty  of  the  hydrogen  atmosphere  in  the  anneal irtg 
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furnaces  of  the  foil  producers. 


The  purpose  of  this  lnvestid 
relationship  between  the  l'ld 
and  the  oxide  films  found  oif 
tics  and  identity  of  the  fi 
formation  of  films  can  be  c 
annealing  of  17-7PH  foil. 


ation  was  to  determine  (l)  the 
w  characteristics  of  a  brazing  alloy 
17-7PH  foil,  (2)  the  characteris- 
ms,  and  (3)  methods  by  which  the 
dntrolled  during  the  rolling  and 


el  Corporation  collaborated  in 
investigation. 


Convalr-FW  and  the  Armco  Stq 
carrying  out  the  program  of 

l  u 

17-7PH  fdilg  .0015"  thick,  jepresenting  two  heats,  w4s  annealed 
by  the  Armco'  Research  Laboratories  by  heating  in  hydrogen" gas 
of  different  dew  points.  Tfye  presence  of  water  vapor  in  the 
hydrogen  of  high  dew  points (caused  the  formation  of  a  uniform 
oxide  coating  on  the  surfaci  of  the  foil.  Specimens  of  17-7PH 
foil,  .0015"  thick,  representative  of  the  inventory  of  John  J. 
Foster  Mfg.  ^Company,  hoijeycdmb  core  manufacturer,  Costa  Mesa, 

Calif.,  were  obtained.  Thrie  heats  were  included,  and  speci¬ 
mens  froiji  e^ch  were  forwardfd  to  Armco.  , 

\  )  ■*  *%  ■> 

Sandwich,  type,  brazing  flow;  tests  were,run  on  samples  frojn  all 
the  above  he,ats ,  using  the  62.8:7:0.2  Ag-Cu-Ll  brazing  alloy. 

The  results  of  the  flow,  tesj;s  were  compared  with  thej  results 
of  other, tests,  as  listed  below,  in  an  attempt  to  find  a  correla¬ 
tion.  The  object  of  this  was  to  find  a  reliable  test  by  which 
acceptable  brazing  flow  Response  of  17r7PH  foil  coul]d  be  determined- 
before  manufacture  into  Relatively  expensive  honeycomb  core.  ; 

The  testa  for  comparison  with  brazing  alloy  flow  were:  1 


1.  ; 


2. 


3. 


'  C  7  H  r. 

Determination j of  color  and  reflectance  values  of 
surface  films  as  Obtained  from  spec trophotme trie 
measurements.;  Th^se  values  were  determine^  by  » 
The  Derby  Company^  Inc.  Lawrpnce,  Massachusetts-. 

Electron  diff~‘ ~ "  - - 

the  Armco  Ste 


(  *  t  r  \ 

raction  of  surface  films,  performed  by 
fel  Corporation,. Research  Department, 
Middletown,  Ojjiio.p  |  ^ 


J 

1 

1  Ferric  chloride  etching.  This  was  also 

,r -r- . 


carriec^ 


but 
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Aa  originally  planned,  foil 
teats,  honeycomb  core  was  td 
John  J.  Poster  Mfg.  Co.K  hay 
characteristics.  The  core 
sandwich  panels  by  Convair 
correlate  brazing  alloy  flo^ 
of  production  sandwich  pane 
had  been  finished,  foil  cor: 
was  no  lqnger  available  at 


was 


and 


P7 


With  the  development  of  a 
meats  were  vyidertaken  to  de 
methods  on  1.7-7PH  foil  havid 
was  to  determine  whether  th^ 
core  production  could  be  im 


were  inconclusive  as  concert^ 
However, x limited  testing  of 
a  pronouijice<^  Improvement  In 
base  metal  at  Convair,  On  i 
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<jwing  completion  of  the  brazing  flow 
be  made  from  the  Btock,  at  the 
ing  the  beift  and  worst  flow 

to  be  processed  into  honeycomb 
_  tested.  The  purpose  was  to 
characteristics  with  the  properties 
s .  However,  when  the  flow  tests 
'Responding  to  the  specimens  tested 
the  Foster  Company.  . 


actical  brazing  flow  tes|,  experi- 
ermine  the  effect  of  cleaning' 
g  poor  wetting  qualities,  The  object 
flow  on  foil  unsatisfactory  for 
Aroved  by  cleaning. 


Some  tests  of  specimens  cleaned  by  the  Convair  production  method 

.  *  *  _ _ _ ..1  _  A  U.  ^  A  i-  ^  Vvvlisf*  4  n/V  a  1  T  /~\  1  f  P  1 


s  the  effect  on  brazing  alloy  flow, 
specimens  paving  poor  flow  lr^dicated 
flow  after, ultrasonic  cleaning  of  the 
case  me  lju  au  ounva^i'<  wu  ».he  other  hand,  some  specimens 
ultrasonically  cleaned  $t  Bfndix  Aviation  Corporation  di<^  not 
yield  good  f,low. 


No  correlation  has  been  foujid  between  laboratory  bracing  jflow 
tests  and  the  color ,  reflectance,  electron  diffraction  of* 
surface  films,  ferric  chloride  etching,  or  the  chemical  composi¬ 
tion  of  37-/PH  foil.  i  K 
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This  report  Is  supplemented  with  the  following  information* 


A. 
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B. 


i  i 
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Specification 
specimens  anfl 
honeycomb  sa. 
wlch  panel  t< 
in  this  repo, 
type  specimen 


1. 


2. 


3. 


4. 


Specimenl 

thlcknesb 


S-l 

m-sfrr 


PACE _ 

REPORT  NO.,  n, 
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ftATF  12  January  1962 


FMS-0036  is  referenced  for 
test  procedure  for  brazed 
iidwich  panelB.  The  only  sand- 
>8t  specimens  tested  and  reported 
ft  are  flatwise  compression.  This 
is  prepared  and  tested  as  follows: 


size  1b  2.00"  x  2.00"  x  jjjanel' 


All  edges  of  specimens  are  filed  fend  - 
sand&d  smooth  to  refhove  nicks  and"  saw  ‘cutB 
which  might  induce  premature  failure . 


The  specimen  is  placed  in  a  60,000  pound 
Baldwin  inlversal  testing  machine,  and 
the  }oad.ng  head  an(i  platen  checked  for 
parallel Lsm. 

A  compreksive  load  ^.s  applied  to  jthe  test 
specimen^  at  a  rate  of  8,000  poundp  per 
minute  uptil  failurp.  ’ 


r  1  »  <  ' 

Flash  testing  a3  referred  to  in  this  Report  is 

a  nondestructive  test  procedure  for  brazea  steel 
sandwich* panels .  It  consists  of  flash  heating 
4.0"  dia^  circular  areas  of  the  panelfe  to  a 
temperature  up  to  800°F  within  four  seconds. 

This  is  accomplished  with  a  radiant  hpating 
apparatus  \hiAizing  heating  elements  similar  to 
the  General  Electric  Type  T-3  quartz  ^envelope. 
The  apparatus  is  equipped  with  an  automatic 
timing  and  cbntrol  devifce.  U.  S.  Patent  Ifo. 
3,008,02^  dajted  7  November  1961  has  been  issued 
covering] sucp  an  apparatus.  ^  > 
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